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FORTRAN IV PROGRAM FOR STUDYING ION - POLAR-MOLECULE COLLISIONS
by R. Bruce Canright, Jr., and John V. Dugan, Jr.

Lewis Research Center

SUMMARY

Ion - polar-molecule collisions have been studied by numerically integrating their
approximate equations of motion on a digital computer. In this report we present a
FORTRAN IV program to do this integration (using conservation of energy as a step-size
control) and to give results in the form of collision statistics, microfilm plots, and mo-
tion pictures of trajectories. Included are the description of the ion-molecule system,
the form of the input and output, the functions of the main program and subroutines, the
COMMON structure, a sample case, and the complete FORTRAN IV listings.

INTRODUCTION
Problem Background

The ion-molecule system has been studied extensively (refs. 1to 3). By the use of
a simple model, the Lagrangian can be obtained and the equations of motion derived (see
ref. 4). Numerical integration with the aid of a computer gives instantaneous coordina-
tes and velocities. The polar molecule can ""look like™ either a rod or a symmetric
top. When the molecule is represented as a symmetric top, the laboratory coordinate
system is as shown in figure 1.

The model potential energy has two terms, a permanent dipole contribution and an
induced charge contribution. The Lagrangian for a symmetric-top molecule two scaled
units long is written as
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where

T model kinetic energy
v model potential energy
m reduced mass, MIMZ/(M]; + M,)

X,Y,7Z Cartesian coordinates of ion (see fig. 1)
. X, Y, 7 Cartesian velocity components of ion
£,m,¢ angular coordinates of dipole (see fig. 1)
- £,7,% angular velocity components of dipole

Il’ 12 moments of inertia (principal and about symmetry axis, respectively)

il dipole moment of molecule

e electronic charge

T ion-molecule separation

o electronic polarizability of molecule
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Figure 1. - Coordinate system for fon - polar-molecule pair.



Equations of Motion

From this Lagrangian are derived 12 first-order coupled differential equations
which must be integrated. These are the equations of motion.
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£E= wg (10)

n=w (11)
V=, (12)

Numerical Approach

A theoretical check was made on the accuracy of integration: The instantaneous
energy was compared at every time step to the initial energy, and the next time step was
calculated based on this comparison. For this reason (a predictor-corrector check not
required), a variable-order Runge-Kutta method was chosen (refs. 5 to 7), using fourth
or fifth order for most problems. Details of choosing the (variable) time step for inte-
gration appear in appendix B of reference 8. Essentially, the step size is inversely pro-
portional to the relative difference between current total energy and initial total energy.
This has proved to be much more efficient than simple step modification, for example,
halving or doubling.

Two important details of the numerical model are

(1) The term sin(£) in the denominator of equation (8) goes to zero as the dipole
lines up with the Z-axis, introducing a singularity into the equations of motion. This
difficulty is handled by using two spherical (Euler when the dipole is a top, that is, y # 0)
coordinate systems for the dipole, an ''unprimed'' system and a '‘primed'*’ system
(ref. 1). The unprimed system (fig. 1) is used whenever the sin(f) term is greater than
some chosen limit (the dipole is outside of some chosen polar cap). The primed system
is used and the appropriate equations of motion are integrated whenever the dipole is
within this cap.

(2) The program provides an option of two collision potential terms: a hard-sphere
potential Vr=rc = o, or a Lennard-Jones potential V ~ r'12. Here r c is a chosen
collision distance (called CD in the program).

COMPUTER STUDIES

Two kinds of studies can be made with this program: collection of statistics and de-
tailed study of individual trajectories. For a collection of statistics, a large number of
initial conditions must be generated ""randomly. ** Among other outputs, the program
counts "'captures; '’ by definition, the polar molecule captures the ion whenever the ion
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comes within a certain prescribed distance from the molecule. An ion may be captured
many times during the course of one trajectory; or it may be repulsed, never captured.
The capture cross sections for various inputs can then be estimated (ref. 8). The pro-
cedure is to integrate many sets of initial conditions for each of a number of values for
the impact parameter b. Some fraction CR(b) of the number of sets for each b will be

capture collisions. Then the capture collision cross section ¢ c is

o =1 j{ - Cg(b) d(b?)

where this integral is approximated numerically by using the calculated (b, CR(b)) points.
Here the details of each trajectory are not important.

For a detailed study of individual trajectories, the entire history of variables in an
individual case is stored and plotted (refs. 9 and 10). Plots of relative translational mo-
tion, rotational energy, and angles against the ion-dipole separation r, show the tra-
jectory at a glance. Motion pictures of the system during its interaction provide a nat-
ural view of the collision (in the center-of-mass system). (Plots and motion pictures
were made on a Control Data Corporation Model 280 microfilm recorder; the arithmetic
was done in double precision on an IBM 7040/7094 DCS.) The program presented herein
is applicable for statistics, plots, and motion pictures.

PROGRAM DETAILS
Input
The input to the main program is of two types. First, there is the general input for

a group of initial conditions. For convenience, this input is read in by means of
NAMELIST (ref. 1), which includes these quantities:

MASS reduced mass of system, scaled units
MI moment of inertia, 11
MUE te, scaled units

ALFE2  ae®/2, scaled units

RI initial separation, scaled to angstroms; placed in Q(1)
ORDER order of Runge-~-Kutta integration, usually fourth or fifth
TOTERR total relative error in energy to be tolerated



MAXHR
MAXER
HI
CHANGE
CTDI
CTD

CD

MAXCAP
CD1

HTS

RM
PLOT
IPILOT
CUTPLT

maximum step-size increase factor

maximum local error ratio to be tolerated

initial step, scaled time

sin(£), defines polar '""cap, '' causes coordinate switch
LOGICAL switch, . TRUE. if collision-time distance is input

collision-time distance - the separation from which measurement of collision
lifetime is started. (If not input, the program calculates

where o1, is the Langevin cross section.) Another criterion sometimes
used (but not in the program as listed) is to start measuring collision time
when interaction is **felt, *' that is, when the dipole rotational energy
changes by 10 percent from its initial energy. The collision lifetime is the

elapsed time the pair spends within this distance.

collision distance (Every time the pair gets within this separation they col-
lide, and a capture is counted.)

maximum captures allowed for each trajectory
boundary for Lennard-Jones polarization potential
minimum step to be tolerated, scaled time

12/11; RM is zero for rod cases

control array calling for still plots (If not all zero.)
program stores and plots every IPLOTth point

LOGICAL switch: if . TRUE., truncates trajectories at 1000 points; if
.FAISE., uses disk storage

Second, there is the set of initial coordinates Q@ and two labels, read in by
(OP4F5.3, 1P6E10. 3/OPF5. 3, 4X,213). Q(1) is not read in here, but is set to RI.

QM)
Q@)
Q(3)
Q@)

6

r Q(5) 3

Q(9) 7

6 Q(6) R Q(10) £
0 Q) 6 Q(11) v
Q(8) @ Q(12) Y



Output

For each case, the main program prints out the initial conditions, the final condi-
tions, initial and final energies, impact parameter b, the initial velocity collision time
and distance, various computing times, and the statistics of the step-size history (see
also the section Sample Case). Units and scaling of the variables are given in table I.

TABLE I. - UNITS AND SCALE FACTORS FOR VARIABLES

IN MAIN PROGRAM

Variable name Input units Output units  |Units inside program
MASS gx1020 gx1020 gx1020
MI (g—cm2)><1036 (g-cm2)><1036 (g-cm2)><1036
MUE (esu-cm)x10 (esu-cm)x10 (esu-cm)x10
ALFE2 (esuz-cm 3)><10 0 (esuz-cm3)><1040 (esuz-cm3)><1040
HI sec><1014 sec><1014 se<><1014
CTD A A A

CD A A A

CD1 A A A

HTS secx1014 secx1014 secx10t?
Q(1) or RI A cm A

Q(2) rad rad rad

Q(3)

Q(4) 1 l

Q(5)

Q(6) (cm/sec)><10'6 cm/sec (cm/se<:)><10'6
QM) (rad/ sec)><10"14 rad/sec (rad/ sec)><10'1
Q(8)

Q(9)

Q(10)

Q(11)

Q(12) rad rad rad

V | e cm/sec cm/sec

B e cm cm
EOrIE  |ccccmemmccmee ergx108 ergx10®
RE or IRE  |-ccocmcommeemn ergx108 ergx108

T e sec sec><101
REALT =  |ccmmmmmmcemes sec sec

CT | eeemmmemee— sec sec
CTDS |eemmmmmmm e cm cm
TRUN J-eememmemem - sec sec
TPLOT |-—memmmmmm - sec sec
CAPT = | -eemcsmmemmeee rad rad




Main Program

The main program reads the input, sets up the case, monitors the integration, and
prints the output. With only slight exceptions, it is the only routine which calls other
routines; the cali structure is very simple. The arithmetic and logic flow for this pro-

gram are diagrammed in figure 2.
The important switches local to this program are as follows:

RS set to 2 if a capture occurs, otherwise setto 1

CDISWI set to 1 if CD1 > CD, signifying a Lennard-Jones potential (r'12) term is to
be included for this case; set to 3if CD1 = CD

CTSW keeps track of capture status

Preset NAMELIST
and switches

Skip to
top of page

/_SCT_\
NAMELIST Cartesian
Set switches,
integration
parameters

/ TIMLFT \
time

Write out
counter, Q
cards

Write
NAMELIST

M— | Calculate con-

stants for differ- ]
Y ential equations
Read the Initialize
Q cards plotting
Q(6#0? No ng order ) Store initial
- change? values
No Yes Set switches,
—\ initial conditions
- Yes / SEIRK
Qi2) = 0? N\
CNO—/ Define order of Write
Rung:t-.KrL]x;tta Calculate '“‘t:f",es
Calculate Szt collision energi
statistics 7 parameters
Initialize
‘ cusp switch, —
i CDISWI rite initia
Write out e
ok conditions
statistics ! i"’_’fk

(a) Setting up for a case,

Figure 2. - Main program logic.



—o@ Capture
o B.egin integra- @
‘ tion foop ‘ -2
Advance h; Is REPEAT on? Increase HN NCAP = NCAP +1
advance t No to maximum |
NS=NS+1 NCAP> MAXCAP
‘ Advance :
FE(Cin primea ) varables 2 /ST
) "
Mo Check on Turn
collision- REPEAT off
time cal- A
No culation
Calculate er- ! R=-R
UPTP ror ratio ER
To primed =
— S = Store this NSF s\
ER too big? point NSF +1 X%
P
(ER too small? s Check on
- Yes No distance to
Sin(g) Ok? cusp (if used)
No Calculate m
TP new h, HN
To unprimed
Calculate ; n /2
8 R<CD and R<0? \27J

{b) Integration loop.
Figure 2. - Continued,



28 :
— s R
Calculate CAPT, Calculate Write repul- NCOL =
scattering angle run times sion flag NCOL +1
Wrijte Write
variabfes NCAP
FAV = TINS \_(
HI = HAV -
RATIO = /T Write
times
Unscale
variables Go get another case

TIMLFT
Read clock

(c) Output for a case.

Figure 2, - Concluded,

CDisSwW initially CD1SWI; then keeps track, if necessary, of nearness to Lennard-
Jones distance CD1

REPEAT .TRUE. if bad step, . FALSE. if good

Subroutines

In addition to the main program, several subroutines are required. These sub-
routines are summarized in table II.

Use of COMMON

The following COMMON areas are used in this program:
(1) /DDC/RE, V2,8X1, R, T, KT, ID1,1D2,Q(12), CLRP, RUN(3), PLOT(5), CUTPLT:
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TABLE II. - SUBROUTINE SUMMARY

of this report (Entries are explained
in comments cards, see section Pro-
gram Listings.)

Subroutine name Purpose Called by- Calls on-
(Entry)
JACK Evaluates the equations of motion at time {|RK
ENERGY Calculates various energy terms at time t |Main
RK Integrates from t to t + h, using Main JACK
variable-order, variable h Runge-
Kutta method
SETRK Defines the Runge-Kutta coefficients for Main
the current order
PTUP Transforms dipole coordinates from Main
primed to unprimed
UPTP Transforms dipole coordinates from Main
unprimed to primed
SCT Transforms ion coordinates from spher- |Main
ical to Cartesian
DARC Calculates a double precision cos'1 Main
2pps Makes plots; initializes Main HEAD; DOTS; BLANK, TEST
DDR Stores points; entry in DDS Main
DDP Plots points; entry in DDS Main
HEAD or HEADM | Makes headings DDP
DOTS Draws dotted circles (for motion pic- DDP
tures)
BLANK, TEST Makes leaders (for motion pictures)
PLTDUM Contains dummy entries for the purpose | Main; DDP

2Two decks with same name; one used for plots, the other for motion pictures.
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This COMMON area appears in the main program, and in DDS and HEAD; the variables
are

RE rotational energy

V2 velocity squared

sX1 sin(¢)

R ion-dipole separation

T time

KT rotational energy scale factor

ID1,ID2 plot Iabels
Q(12) coordinate vector
CLRP plot 1abel switch
RUN(3) plot label, BCD
PLOT(5) plot selector array
CUTPLT plot truncation switch
(2) /JACKEN/EROC, RM, V, ETRC, EPLC, EPTC, XXC1,XXC2,XC,JCD1, EP, SIG,

ETRAN, EPOT, EPOL: This COMMON area appears in the main program and in JACK
and ENERGY; the variables are

EROC 11/2

RM 12/11

A\ velocity

ETRC m/2

EPLC ae?/2

EPTC e

XxXcC1 Le/m

XXC2 20e2/m

XC re/14

.ff CD1 switch for Lennard-Jones potential (If JCD1 = 1, infinite barrier.)
EP Lennard-Jones interaction potential strength parameter
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SIG characteristic Van der Walls diameter

Ve g= EP{%};>12
ETRAN translational energy

EPOT potential energy

EPCL polarization energy

where energy, E = EROT + ETRAN - EPOL - EPQOT

(3) /INTSET/C1, C2,C4, RN appears in the main program and in SETRK; the var- -
iables are a function of the order n of the Runge-Kutta method:

c1 @ - 1)1

c2 @t - p)~1an
c4 (MAXHR) -1
RN 1/(n+ 1)

(4) /INTES/TOTERR, MAXER, HI, MAXHR, HMAX, HMIN, HAV, NS, NSF: This
COMMON area appears in the main program and in SETRK; it contains the integration
parameters
TOTERR total relative error in energy to be tolerated
MAXER maximum local error ratio fo be tolerated
HI starting time step for this case

MAXHR maximum step increase factor

HMAX maximum step taken during this integration
HMIN minimum step taken during this integration
HAV average step taken during this integration
NS good step counter during this integration
NSF bad step counter during this integration

(5) /RKC/NV,NVM1, C(11),B(12), A(66): This COMMON area appears in SETRK .
and RK; these variables are the Runge-Kutta constants, constructed by SETRK and used
by RK:

IS
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(6) /PCSC/PCS appears in the main program and in DDS, JACK, and ENERGY.

1]

PCs
PCs

1: not in polar cap, unprimed

2 in primed system

(7) /LANG/LS appears in the main program and in JACK and ENERGY.
IS = .TRUE.: u =0, Langevin case
LS = . FALSE.: not Langevin

(8) /CIRCLE/RADIUS, RVIEW,ON appears in the main program and in DDS and DOTS
(used for motion pictures only).

RADIUS a function of collision distance and of distance from X-Y motion-picture
plane; the radius of the dotted molecule or ion (Fig. 3 shows the function of
RADIUS and RVIEW.)

RVIEW the scanning radius for the motion-picture frame, in angstroms (The ion and
molecule are filmed when they are within two RVIEW of each other.)

ON If ON = . TRUE., a dotted circle will be on the frame. If ON =.FALSE, no
circle can be drawn.
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Figure 3. - Input card images.
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Sample Case

The input cards for a sample case are shown in figure 3. Two blank cards ‘"{rigger'’
the reading of the NAMELIST and then the RUN array only if plots are required; two
@Q-cards follow. This case produces the following output on the listing:

$ONE
MASS = J«274CCCOCCCOCCOCCO-C2y M = 0.1440000000300000D-02, MUF = C.4800CCCONCNADNCON-D%,
ALFEZ = D.449CC(CCCCCCCCOOD-02, RI = 0.2500000000000000C 02, ORDER = by
TOTERR= «£0CCCCCCCCCCO0BCO~C3y MAXHE = 0.400C000000700000r 01, MAXER = £.2000CCCONCCNNNCOD 01,
HI = 0,5C0CCCCCCCCCCCO0D Oly CHANGE= 5.000N000E-01,y CTCI = Fy CTD = 0.10CCCCCINV000N00D 02,
ct = 0.200CCCUCCCCCCCCCn C1 s MAXCAP= 10, (L2 = C. ¢ HTS = 1.709000F-05,
RM = 0. v
PLCT = 1, 1, 1y 1, 1,
KT = 9.259CC(CCCO00CCNOD-0Ly IFLCT = 1, QUTPLT= Ts
$ ENC
CASE 1 NPLT 1571 2.2C¢ 64073 1.823 -5,4290-02 2.991D-04 ~1,8%€R-(& -1,9170-02 ~-2.%84D-02 4,721D-02
5.870 109 6
R THETA PHI ET2 X1 PS1
INITIAL & . 80D-C7 1.5710 2.2090 £.0730 1.8230 £.8700C v 5.5CD 4 E) 4.00N-N8
CONCITIONS oS —£.43D0 04 2.6SD 10 -1.860 10 -1.920 12 ~2.880 12 4.7z¢ 12 1E 5.020-06 IRE 8.470~07
FINAL Q z.81D-C7 2.C671 -0.7181 ~43.5264 1.53N¢ ZEL445S E 5.C20-0¢ RE 3.220-36 C 1
VALUES o 2.€1D 04 -2.78D 10 -1.910 10 -6,200 12 ~2,51D 12 5.45C 12 RATIC 1.000 TI™mE 1.010-11
COMP TIME €.87 NS 352 NSF 67 Hav 2+865 HM AX 10.44¢E EMIN C.C52 CAPT = 1.9065
CCLL ISION TIME 2.12E-12 DISTANCE 8.23E-08 RUN TINE 8.87 PLOT TIME C.
CASE 2 INPLT 1,571 3.56S Ce692 2.480 -4.964D-02 ~1.417C-04 ~1.6270-C4 -—-E5.541N-(2 8.6560~02 1.7800-01
2.227 100 20
R THE 1A FHI ETA x1 PSI
INFTIAL Q 2.500-C7 1.5710 3.9690 0.6920 2.4800 2.2270 v 5.00D 04 8 3.000-08
COMCITIONS £Q -4.S560 €4 -1.420 10 -1.94D 10 -5.54D 12 8.660 12 1.28C 12 IE 9. £4D-06 IRE 6.230-16
FINAL Q Ze E1D-CT C.9857 2.3194 2.1625 0.235€ l.2187 13 9. £4D~-CE€ RE 7.360-06 C 1
VALUES faa) 4.080 04 1.430 €9 -2.780 10 -3.74D 13 5.100 12 5.35D 13 RATIO 1.000 TIME 9.400~12
COMP TIME 21.63 NS 753 NSF 256 HAV 1.248 HMAX 4.€14 HMIN 0.059 CAPT = 2.3051
COLL ISION TIME 3.5€6E-12 DISTANCE 1.21€-07 RUN TIME 21.63 PLCT TIME 0.

In addition to this output, motion pictures or still plots can be made by including the de-
sired subroutines. Figure 4 shows a sample motion-picture frame. Figure 5 shows
sample still plots.
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{a-2) NMolecular rotational energy.
(b} Vvariation of ion coordinates for NO3 + HCI multiple-

{a) Variations of ion-molecule relative velocity and polar- i
reflection capture collision.

molecule rotational energy during Ar* + CO single-
reflection capture colfision.

Figure 5. - Sample still plots.
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(c) Variations of dipole moment vector and ion-dipole orientation angle (between ion-molecule radius vector and negative
end of dipole) during Ar* + CO multiple-reflection capture collision.

Figure 5. - Continued.
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(d-2) Azimuthal angle, ¢; vertical dashed line indi-
dates passing through Oor 2.

{d) Variations of coordinate angles for argon ion relative
to CO molecule during capture collision with multiple
reflections.

Figure 5. - Concluded.
Program Listings

The complete program is listed below in FORTRAN IV (ref. 11). Not included are
the routines which actually make the microfilm plots, because they are unique to this
Center. A dummy deck, PLTDUM, explains these routines in comments cards so that
others can be substituted. Of course, statistics were gathered, and even individual tra-
jectories studied, without plots.
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S$IBFTC MAIN.

C
c

JOnO HHn 6 OD

CIOOOMOOOON (g O OO0 o

0o
[==]

7090, DOUBLE PRECISION SINGLE SYMMETRIC TOP {HITH ROD AS A SPECIAL

CASE) PROGRAM HITH DDB8O PLOTTING OPTIONM

"INTEGER PCS+RS-CTSHeORDERsCASE «CLRP,PLOT sTNCOL »

1 TNCASE-CDLISW,CD1SHI

LOGICAL LS

LOGICAL REPEATSCTOI-LUTPLY

DOUBLE PRECISION TOTERR MAXER HI s MAXHRsHMAX  HMINsHAV 5
L1;C2+C% RNy
ERDC sRMo Ve ETRC ¢EPLCEPTC XXCL o XXC2: XL CD1
REsY2:SXI sReToKT200
RIMASS o MI sMUELALFEZ2,
B.CAPTSCORDOCTD+E-IE-IRE-RATIO,RATIOL,
HesEASEL ER«TMAX :HNQL 822+ Tls 2. PSID

DOUBLE PRECISION X+SORT-ARCOS:EP.SIG-ETRAN.EPOTLEPOL

LOGICAL ON

EXTERNAL JACK

DIMENSION Z{12),01{12)

[N R S

COMMON FOR MOVIE DECKS INOT STILL PLOTS)

COMMDN/CIRCLE/ RADIUS.RVIEW,ON

COMMON FOR INTEGRATION PARAMETERS AND STATISTICS

COMMON /INTES/ TOTERRIMAXERHL.o MAXHRsHMAX HMIN HAY NS, NSF

COMMON FOR COMMUMICATION WITH SETRK. QUANTITIES ARE FUNCTIONS OF T
INTEGRATION FDORMULA ORDER
COMMDN /ZINTSET/ C1,C2.04.RN

COMMON FOR TRANSMITTING CONSTANTS TO ENERGY AND JACK {JACK = DIFFE
ENTIAL EQUATION EVALUATOR) THE TRANSLATIONAL VELOCITY. Ve ALSO
APPEARS.,

COMMON/JACKENS ERJCsRMeVoETREAEPLLCSEPTL - XXC1eXXC25 XCy JLDL,

1 EPSIG+ETRANLEPOTEPOL

COMMOY FOR L ANGEVIN SWITCH. LS8=.TRUE. IFF MUE=0.

COMMON/LANG/ LS

COMMON HILOS PRIMED-UNPRIMED COORDINATE SYSTEM SHITCH
1 = UPRIMED
2 = PRIMED

COMMON /PLSC/ PLS

COMMON FOR TRANSMITTING CONTROL PARAMETERS. HEADING INFORMATION,
AND PLOT QUANTITIES TO PLOTTING SUBROUTINE

COMMON /DDC/ RESV2oSXIeReToKT,1IDL,1ID2+01223 oCLRPRUNEZ}+PLOTI{S5},L3
iTeLT

DATA CASE/O0/,LORDZR/0/ REPEAT/ .FALSE./<CTD/1.D17,CT0L/FALSE./
DATA NCOL o« TNCOL +NCASE-TNCASE/0,000,0/

THESE yARIABLES ARE READ IN VIA GENERAL INPUT (NAMELIST) CARDS.
MASSs MI., MUE, AND ALFE2 MUST BE SPECIFIED. IF CTDI IS SPECIFIED
AS TRUEs THEN CTD MUST ALSO BE SPECIFIED. IF THE ENTIRE PLOT
VECTOR IS NOT SET TO O, YHEN RUN AND KT HUST BE SPECIFIED.

MASS REDUCED MASS OF ION-DIPOLE PAIR

M1 MOMENT OF INERTIA IN SCALED UNITS
MUE DIPOLE MOMENT FACTOR IN SCALED UNITS
ALFE2 POLARIZATION FACTOR IN SCALED UNITS
RI INITIAL SEPARATIOMN IN ANGSTROMS
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ORDER ORDER OF RUNGE-KUTTA FORMULA TO BE USED
TOTERR TOTAL ERROR TO BE VOLERATED OVER INTEGRATION
MAXHR MAXIMUM STEP SIZE INCREASE FACTOR

MAXER MAXIMUM ERROR RATIO TOLERATED

HI INITIAL STEP SIZE IN SCALED TIME UNITS

CHANGE SIN(XI)})=CHANGE INITIATES COORDINAYE TRANSFORMATION

CTDI LOGICAL VARTABLE ~ COLLISION TIME DISTANCE INPUT SWITCH
CTD COLLISION TIME DISTANCE {READ IN ONLY IF CVDI=.TRUE.)

cD REFLECTION DISTANCE {CAPTURE DISTANCE FOR C.S. CALCS)
MAXCAP MAXIMUM NUMBER OF CAPTURES PERMITTED

CcD1 BOUNDARY OF POLARIZATION POTENTIAL, USED AS L--J SWITCH
HYS MINIMUM STEP SIZE ALLOWED {IN SCALED TIME UNITS)

RM RATIQ OF SECOND MOMENT OF INERTIA TO FIRST MOMENT OF INERT

F3R ROD CASES RM=0.D0.

PLOT PLOT CONTROL VECTOR. IF{PLOT{I}.NE.O) THE I TH PLOT WILL B
DRAWN

KT AVERAGE ROTATIONAL ENERGY

IPLOT PLOT EVERY IPLOT TH POINT ,

CUTPLT LOGICAL VARIABLE -~ IF TRUE, PLOTS ONLY 1249 POINTS TO AVDI
TAPE DELAY

NAMELIST/ONE/ MASSMI MUE, ALFE2,RI,ORDER, TOTERR; MAXHR,MAXERsH

11,CHANGE,CTDI-CTD,CD s MAXCAP,CD1HTSsRM;PLOT KT, IPLOT,CUTPLT

REDEFINE FUNCTIONS AS DOUBLE PRECISION
SQRT(X)=DSQRT(X)
ARCOS{X)=DARCOS{X)

PRESET GENERAL INPUT QUANTITIES

RI = 25,00

EP, SIS LENNARD-JONES(CUSP) POTENTIAL COMSTANTS
EP=6.88D-6

$1G=3.5D0

ORDER=4

TOTERR = ,001DO
MAXHR = 4,DO
MAXER = 2.D0

HI = 2.DO
CHANGE=.707

CD = 1.D0
MAXCAP=10
HTS=1.E-6
RM=0,D0
CTDI=.FALSE.
IPLOT=1
CUTPLT=.TRUE.
DO L 11=1,NPLTS
PLOT(I1)=0

nou

SKIP T3 TOP OF PAGE
WRITE {6431)

READ & CARD
READ (5432) (Q1¥):§=25123+1D1-1D2

R DOT MOMZERO INDICATES A CASE SET
iF (Q{6)-NE.O.) GO TO 4
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THETA ZERO INDICATES BLANK SEY - NEXYT SET IS GEMERAL INPUT
IF (Q{2).EQ.0.} GO 70O 3

OTHERWISE- COMPUTE AND PRINT OUT COLLEISION PERCENTAGES.{SKIP IF NO
CASES AAVE BEEN RUN YET.)

iF (NCASE-.EQ.0) GO TO 2

PCCOL=100.#FLOAT (NCOL)/FLOAT {NCASE)
TNCOL=TNCOL+NCOL

TNCASE=TNCASE+NCASE

TPCCOL=100.=FLOAT{TNCOL) /FLOAT(TNCASE)

WRITE (6+:33) NCOL NZASE,PCCOL, TNCOLTNCASE,TPCCOL
NCOL=D

NCASE=0

GO 10 2

READ SENERAL INPUT SET AND WRITE OUT ALL GEMERAL INPUT VARIABLES
READ (5,0NE)
WRITE (6,0NE)
PASS RADIUS OF CORE TO MOVIE DECKS (IF ANY)
RADIUS = CD

READ IV 18 CHARACTER RUN LABEL IF THERE IS TO BE ANY PLOTTING
IF ((PLOT{1).NE-O) .OR . {PLOT{2)NEsO}OR. {PLOT{3).NE.O).0OR.{PLOT(%)}

1.NE-O) . OR. (PLOT{5).NE-0O)} READ {5,344} RUN

COMPUTE CONSTANTS FOR ENERGY AND DIFFERENTIAL EQUATION EVALUATION

SUBROUTINES

ETRC = .5DO*#MASS

EPLC = .5DO=ALFE2

XXC2 = 2.DO=ALFE2/MASS

SPECIAL CASE IF MUE = 0O
IF(MUE.NE.O.DO} GO TO 50

LS = . TRUE.
EROC = 0.D0
EPTC = 0,D0
XC = D0.DO
XXCl = 0.DO
RM = 0.D0
GO 70 51

EROC = .5D0=MI
LS = -.FALSE.
EPTC=MUE
XC=MUE/M]
XXC1=MUE/MASS
CONTINJE

IF RUNGE-KUTTA FORMULA ORDER HAS BEEN CHANGED, CALL SETRK 7O
CALCULATE NEW COEFFICIENTS

IF (ORDER.EQ.LORDER} GO TO 2

LORDER=0RDER

CALL SETRK (ORDER)

SET CUSP POTENTIAL SWITCH IMITIALIZATION VARIABLE
CD1SWI=3
IF (CDL.GT.CD)} CDISWi=1
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RETURN TO READ A NEW SET OF CARDS
GO TO 2

NEW CASE - COUNT IT AND CLOCK IN
CASE=CASE+1

CALL TIMLFT {TIN}

NCASE=NCASE+1

WRITE JUT THE CASE CARD
WRITE (6535) CASE.{Q(I});1=2412},8D1,1ID2

INITIALIZING CALL 7O PLOT ROUTINE
CALL DDS

SET CUSP POTENTIAL SWITCHES

CD1SW=CD1SWI

EP,SIS LENNARD—-JONES{CUSP} SWITCH SETTING
JCDl=1

RETRIEVE INITIAL CONDITIONS AND UNSCALE THEM FOR OUTPUT
Q{1)=R1]

Q(6) = -DABS{Q(6}))

DO 5 1=2.6

Z{1)=0(1)

Z{I+5) = QUI+5)=#1.D14
Z(1) = Q{1)=#1.D-8
Z{6) = Ql6)=#1.D6
Z{12)=3(12)

COMPUTE VELOCITY, IMPACT PARAMETER, ESTIMATED INTERACTION TIME., AN
COLLISION TIME DISTANCE

S22 = DSIN(Z(2))
V=SOQRT(Z{6)#Z(6)+Z {1} xZ( 1} #(Z{TI#Z{T7)+{Z{8)=SZ2)#»%2})

TMAX = 2.D6%R1/Y

B = (Z(1)#*24SQRT(Z(7)=#22+(2{8)=#SL2+22)e%2})/V

IF{.NJT.CTDI) CVD = SQRT{ALFE2/{ETRC#y*V))}=1.D-2/B

OQUTPUT INITIAL CONDITIONS, VELOCITY, AND IMPACT PARAMETER
WRITE (6536) (Z{1)1e1=1:5)92{12}9eVsBs1Z{1}s1=6,11)

TRANSFORM TRAMSLATIONAL VARIABLES TO RECTANGULAR COORDINATES
CALL SCT (0Q(1)-Q(6),011),Q{6)51)

STORE INITIAL CONDITION VECTOR
DO 6 I=1512
Z{1)=011)

INITIALIZE TIME, STEP SIZE MAXIMUM AND MINIMUM STEP SIZEs
REPULSION SWITCH. STEP COUNTER: BAD STEP COUNTER., AND CAPTURE
COUNTER

T = 0.00

HMIN=HI

HMAX=HI

HN=HI

RS=1

NS=0

NSF=0

NCAP=D

23
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PERMUTE IMTERGRATIOM VARIABLES AND DERIVATIVES TO ORDER Ry THETA.P
ETA:XI:PSH

PSID=0{11)

DO 7 K=64510

I=16-K

QiiI+1)=0Q(1)

Q{6)¥=0(12}

Q{12)=pPSID

SET PRIMED-UNPRIMED COORDINATE SWITCH 7O UNPRIMED
PCS=1

COMPUTE INITIAL ENERGY
CALL ENERGY(IE,IRE,Q{1:.,.Q17))

INITIALIZE ENERGY RATID AMD R
RATIOL = 1.DO

R=R1

RE=IRE

RECORD INITIAL VALUES FOR PLOTTING
CALL DDR

OUTPUT INITIAL ENERGY AND ROTATIONAL ENERGY
WRITE {6537) IE-IRE

INITIALIZE COLLISION TIME SWITCH AND COLLSION TIME
CTSW=1
Ci=0.

BEGIN A STEP - SET STEP SIZE AND TRIAL VARIABLE
H=HN
Ti=T

BRANCH IF WE ARE IN PRIMED COORDINATE SYSTEM
IF (PCS.EQ.2) GD 71O 9

WE ARE 1IN UNPRIMED SYSTEM. BRANCH IF WE SHOULD STAY IN THIS SYSTEM
IF(ABS(SINISNGL(Q(5}))}.GE.CHANGE)} GO 70 10

TRANSFORM TO PRIMED COORDINATE SYSTEM
PCS=2
CALL UPTP (Q(1),Q(73,Q(1)s0Q(T7))

BRANCH 7O INTEGRATION CALL
GO0 70 10

WE ARE IN PRIMED SYSTEM. CHECK TO SEE IF WE SHOULD STAY IN PRIMED
SYSTEYM. BRANCH TO INTEGRATION CALL IF WE SHOULD

XI = ARCOS(~-DSIN{Q{5))=DSIN{(Q{4)))

IF (ABS{SIN{X1)).LT.CHANGE) GO TO 10

TRANSFIRM TO UNPRIMED COORDINATE SYSTEM
PCS=1
CALL PTUP (QU1),Q17).Q113,Q(7))

CALL RUNGE-~KUTTA INTEGRATION SUBROUVTINE. ORDER OF FORMULA HAS
ALREADY BEEN SPECIFIED.

10 CALL RK{12:T1sH:;Q:Q1,JACK}
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CALL ENERGY ROUTINE AND COMPUTE ENERGY RATEO
CALL ENERGY{E-RE.Q1l{1}.,Q1(7)]
RATIO=E/IE

COMPUTE ERROR MADE IN THIS STEP
EL = DABS{RATIO-RATIOL!}

COMPUTE ERROR ALLOWED FOR THIS STEP
EA = H={TOTERR -~ DABS({RATIOL-1.D0})/TMAX

COMPUTE RATIO OF ACTUAL ERROR TO ALLOWED ERROR
ER=EL/EA

TURN STEP REPEAT SWITCH ON IF ERROR RATIO IS 70O LARGE
IF {ER.GT.MAXER)} REPEAT=.TRUE.

BRANCH 7D MAXUMUM STEP SIZE INCREASE SECTION IF ERROR IS VERY SMAL
IF {ER.LT.C4) GO TO 21

COMPUTE SIZE OF NEXT INTEGRATION STEP
HN = H#{1.DO/ER)#=RN

ENTER HERE WITH NEW STEP SIZE
CONTINUE

TRY TO PREVENT HANGUP(ESP. HCL}
IF(ELaGTs1.D-6 +0R. .NOT.REPEAT) GO TO 60
REPEAT = .FALSE.

CONTINUE

BRANCH 7O STEP FAJLURE SECTION [F REPEAT SWITCH IS ON
IF (REPEAT) GO TO 22

SUCCESSFUL STEP - COUNT 1T, RECORD LAST RATIO., ADYANCE TIME,
UPDATE DEPENDENT VARIABLE VECTOR, UPDATE MAXIMUM AND MINIMUN
STEP SIZES, RECORD LAST R, COMPUTE MEW R.

NS=NS+1

RATIOL=RATIO

T=71

DO 13 I=1,12

QEE)=14(1)

HMAX=DMAX1{HMAXsH)

HMIN=DMINI{HMIN,H)

R=SQRT(Q{1)=Q(1)+Q{2)#Q(2)+Q(3}=Q{3})

FORK OM COLLISION TIME SWIYCH
GO TO (14,15,16),CTSH

CHECK TO SEE IF WE HAVE PASSED COLLISION DISTANCE ON THE WAY IN.
IF SO, RECORD TIME AND RESET SWITCH TO SEARCH FOR COLLISION DISTAN
ON THE WAY 0UT.

IF (R-GT.CTD) GO TO 16

CTSW=2

cT1=7

GO 70 16

CHECK 70O Skt IF WE HAVE PASSED COLLISION DISTANCE ON THE WAY OUT.
IF SO. RECORD TiME, COMPUTE ELAPSED TIME IN SECONDS. AND RESET SHWi

25
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TO BYPASS THIS SECTION.
iF {R.LT.CTD) GO 70O 16
CTSW=3

CT2=7
CT={CT2-CTl)=1.E-14

RECORD EVERY IPLOT TH POINY FOR PLOTTING
IF(MOD{NS, IPLOT)-EQ.0) CALL DDR

CUSP POTENTIAL SWITCH SETTING SECTION
GO TO {17+18219),CD1SW

IF (R.GT.CDLl) GO TO 20

CD1SW=2

JCD1=2

GO 70 19

IF (R.LE.CDl) GO TO 19

CD1SW=1

JCD1=1

GO T0 20

BRANCH If CAPTURE CONDITION HAS OCCURRED. {A CAPTURE HAS OCCURRED
IF R IS LESS THAN THE COLLISION DISTANCE AND IS DECREASING.!?
RD=(Q{1)=Q(7)+0(2)=20{8)+Q{3)=Q(3))/R

[IF{(R.LT.CD) .AND. {RD.LT.0.D0)) GO TQ 27

BRANCH TO REPULSION SECTION IFf CASE IS FINISHED. {A CASE IS FINISH
IF R IS GREATER THAN THE INITIAL R=RI[}
IF {R.GT.RI) GO 70O 24

RETURN FOR THE NEXY STEP
GO 70 8

MAXIMUM STEP SIZE INCREASE SECTION
HN=MAXHR#H
GO T0 12

STEP FAILURE SECTION - TURN OFF REPEAYT SWITCH, COUNT THE FAILURE,
AND RETURN TO REPEAT THE STEP UNLESS NEW STEP STIZE IS 7O SMALL.
REPEAT=,FALSE.

NSF=NSF+1

IF{ABS{SNGL(HN)).GE.HTS) GO TO 8

STEP SIZE TOO SMALL - WRITE OUT SIGNAL. REDUCE CASE COUNT, SET PLO
CASE TYPE LABEL SWITCH, AND BRANCH TO OUTPUT SECTION

RATERR = ABS{SNGL(RATIOL-1.D0})

WRITE {(6,38) RATERR

NCASE=NCASE-1

CLRP=4

GO 70 28

FORK ON REPULSION SWITCH

1 = REPUSION

2 = CAPTURE HAS ALREADY OCCURRED
GO TO 125.26)4RS

REPUSION SECTION ~ WRITE OUT SIGNALS, SET PLOT CASE TYPE LABEL SWI
AND BRANCH 7D OUTPUT SECTION
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WRITE {6+:39)
CLRP=2
GO 70 28

COUNT CASE AS CAPTURE; WRITE OUTYT MUMBER OF CAPTURES THIS CASE.
SET PLOT CASE TYPE LABEL SWITCH; AND BRANCH TO OUTPUT SECTION.
WRITE {6,40) NCAP

NCOL=NCOL+1

CLRP=1

GO 70 28

CAPTURE SECTION — COUNT CAPTURE,BRANCH TO CAPTURE CASE END SECTION
IF MAXTMUN NUMBER OF CAPTURES PERMITTED HAS OCCURED.

OTHERWISE TRANSFORM TRANSLATIOMNAL VARIABLES TO SPHERICAL
COORDINATES, CHANGE SIGN OF R DOT(RADIAL VELOCITY), TRANSFORM TRAN
LATIONAL VARTABLES BACK TO RECTANGULAR COORDINATES, SET REPULSION
SWITCH TO INDICATE CAPTURE, AND BRANCH BALK TO RESUME INTEGRATION.
NCAP=NCAP+1 ’

IF (MCAP.EQ.MAXCAP) GO TO 26

CALL STT (Q(L)-Q17).Q1{1),0{7)42)}

QU7)==-31(7}

CALL SCT (Q(1),Q{7)-Q{1)sQ17)s1)
RS=2

GO 10 8

OUTéUT SECTION - CASE IS FINISHED.
CONTINUE

IF ROTATIONAL VARIABLES ARE IN PRIMED COORDINATE SYSTEMs, TRANSFORM
TO UNPRIMED SYSTEM.

IF {PCS.EQ.2) CALL PTUP {(Q(1):Q(7),Q01),Q(7})

COMPUTE SCATTERING ANGLE
CAPT=ARCOS((QIT)=+Z(7)+Q{8)=Z{B)+Q{I)+Z{9))/SORT({QIT7)=Q{7)+Q{8)=Ql

181+Q(9)=Q(9))&#(Z(T)#Z{7)+Z(8)=2{8)+2{9})=Z{9])} )}

TRANSFIRM TRANSLATIONAL VARIABLES TO SPHERICAL COORDINATES.
CALL SCT (Q(1)+Q(T)-Q(1),Q{7}3:2)

UNLESS THERE HAVE BEEN NO SUCCESSFUL STEPS, COMPUTE AVERAGE STEP
SIZE AND STORE IT FOR INITIAL STEP SIZE NEXT CASE

IF (NS.EQ.0) GO TO 29

HAY = T/DBLE(FLOAT(NS))

HI=HAY

COMPUTE RATIO OF FINAL ENERGY TO INITIAL ENERGY
RATIO=E/IE

UNSCALE INDEPENDENT AND DEPENDENT VARIABLES
T = Tel.D-14

Q{l) = Q({1)=1.D-8

Q(7) = Q{7)I=1.D6

DO 30 [=8,12

QUI) = QtI)=1.D14

READ CLOCK AFTER INTEGRATION AND BEFOURE PLOVTING
CALL TIMLFT (TBFP)

27
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PLOT THIS CASE
CALL DDP

CLOCK DUY AND COMPUTE COMPUTER TIME FOR THIS CASE
CALL TIMLFT (TOUT)
REALT={TIN-TOUT)/60-

WRITE OUYT FINAL CONDITIONS, ENERGY, ROTATIONMAL ENERGY, ELAPSED
COMPUTER TIME, AND INTEGRATION STAVISTICS.

WRITE {6541) {Q(T)51=146)sE,RE,{Q(T)s1I=T7:12) yRATIOsTo,REALT s NS,NSF,
THAV HMAX, HMIN

WRITE DUT SCATTERING ANGLE
WRITE (6442) CAPT

SET COLLISION TIME TO CASE TIME IF COLLISON DISTAMCE IS NOT LESS
THAN INITIAL SEPARATION
IF {(CTD.GE.RI) CT=T

SCALE COLLISION TIME CISTANCE
CTDS=CTD#1.E-8

COMPUTE RUN TIME AND PLOT TIME
TRUN={TIN-TBFP)}/60.

TPLOT={TBFP-TOUT)/60.

WRITE JUT COLLISION TIME, COLLISION TIME DISTANCE, INTEGRATION TIM
AND PLOTTING TIME
WRITE {6543) CT,CTDS,s TRUN; TPLOT

RETURN FOR ANOTHER CTASE
GO TD 2

FORMAT {1H1)

FORMAT {OP4F5.3,1P6E10:.3/0PF5,3,4X:213}

FORMAT {///76H CASES,I16311H COLLISIONS;16:8H PERCENT,F6.,1/12H TOTAL
1 CASES,16,17H TOTAL COLLISIONS-1I6+BH PERCENT F6.1///})

FORMAT {3A6) .
FORMAT (//77/5H CASE+ I5:3X.5HINPUT:5X,0P4FT7.5,1P6D12.3/112X:0PFT7.35
12X, 215)

FORMAT (24Xs 1HR¢8XsSHTHETA» TXs 3HPHI s 8X ¢ 3HETAB8X»2HXI ¢ TXs 3HPSI/1X 7
IHINITIAL, TXe 1HQs3X31PD11.2,0P5F1lc4,4Xe IHV2Xs IPDL1a2+4Xs 1HB 2%, 1P

2D11.2/1Xo LOHCONDITIONS3Xs2HDQ43X51P6D11.2)

FORMAT {1H+,87TXp2HIE 42X 1PD11,.2:2X+s3HIRE$2X, 1P011.2}

FORMAT {127X.1HS,1PE9.2)

FORMAY {123X,9HREPULSION)

FORMAT {123Xs1HC,1I6)

FORMAT {1H+,5HFINAL,9Xs1HQ¢3X,1PD11.2,0P5F11:4,4X,1HE,2X,1PD11.2.3
1Xe2HRE 52X+ 1PD11.2/1X s 6HVALUES, TX52HDQ53X51P6D11.2:4Xs5HRATIO,0PF 9,

233 IXsGHTIME 22X IPD11 o271 Xs 9HCOMP TIMEs3Xe0PFTo2+4XKs 2HNSe3Xo15:4X:3
3HNSF3X2 154X 3HHAV 3XyFB8a 354X 4HHMAX s 3XpFB.3, 46X, 4HHMIN 3X,FB.3)

FORMAT {1H+,106X,6HCAPT =;,F8.4%}

FORMAT {1X.1l4HCOLLISION TIME,1PE12.2;6X:8HDISTANCE,IPEL2.2;6X58HRU
IN TIME-OPF7.2+:6X:9HPLOT TIME,OPF7.2)

END
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SUBRUUTINE JACKR(T:X50X)

DIMENS IuN X{12)uXx(12)

INTEGEZR PCS

LOGILAL LS

DUUBLE PReClSIUN TeXsDXsEROLC s RMsVeETRCSEPLL JEPTC XXCLle XXL24X s
1 Vi d s K'aRZgK39R59K69X{pETAQSXlQLEIApSETAq
2 CAL ¢PSLyUPSI yUETASDXI o VPOT s XXC3,EPSIG
3 se¥rANsLEPUTHEPUL

CUMMUN/PC SLZ PCS

COMMON/LANG/ LS

CUMMUN /JALKEN/ EROC sRMyV ETRCEPLC JEPTC o XXCL 4 XXC29XC, JCDLL,EP, SIG
1 9tTRANyEP\JTgtPUL

U L I=l,0

XL} = X(I+0)
ETA = X{4}

X1 = X(5)

PSI = X{oi}

LDXI = DX{5}
DETA = DX{4&)
uPSI = DX{oi

R o= DouRTIX{L)*XEL) & XL2)%x{2) + X{3)*X{3))
RZ2 = R*R

R3 = R*RZ

RS = R2%X 3

SETA = OSIN{ETA)
CETA = DLUSIETA)

SXI = DSIN(XI)

LXL = DCOS{XI)

GU Tu (20,30}, PLS

VPUT = 3.00%{ XU 1)*SXI*SETA — X{2)%SXI®CETA + X{3)*CX1)

DXET) = AXCL¥{R2%SXI*SETA — X{1)*VPOT}/R5
DX{8) = —XXCL¥(r2%«3XI*CETA + X{2}*VPOT)/R5
DX{Y) = XXUL*(R2¥C XL - X{3)*VPOT)/RS

R6 = R3%R 3

XXL3 = XXC2/K6

DO 25 I=1,3

UX{I¢6) = ODX{1#0)=-X{1)%®XXC3

GU TG {2064:27),4CD1"

VLJI=EP*{SIG/R)**1<

DO 29 I=1,3

DX{I+6) = DX{I+o0) + 12.D0%X{[)*VLJ/RZ

IF(LS) GU TO 40

DX{10) = (XCx(X{L)*CcTA + X{(2)%S5ETA}/R3 - 2.DO*DET A®DX [*(X 1 ¢
1 RM=DX Ix{ OPSI+DETA*CXI})/5XI

DXE{LIL) = DETA#®2%SXI*0XT + XCx(CXI*{(X{L}#SETA-X{2) *CETA} - X{3)*
1 SXI}/R3 — RMESXI%*(UPSI+DETA®CXI }*DETA

OX{12) = DETA*DXI*>X]I ~ OX{10)*{X{

G0 1O 50

VPOUT = 3.00%{X{L)%CXI — X{2)#SXI¥CETA - X(3)*SXI*SETA}
DX{ 7} = AXCL*={R2¥(CXI - X{1)*VPOT}I/R5

DX{B) = —AXCL®{R2¥3XI%XCETA + X(2}%VYPOT}/R5

DX(9) = - XACL#(R2*SXI*S5ETA + X(33%VvPCT)/R5

R6 = 3% 3

XXL3 = XXC2/Ro

L0 35 I=1.3
LXLTIE6) = DX(I+b) - X{I)*XXC3
GO TU {30:37).40L01

29



37 VLU=EP*{SIG/R)&*]2
DO 39 I=1,3
39 DX{E+6) = DX{I#6) + 12.00%XLL3*VLJI/R2
36 IF{LS) GO TO 40
DX{ 10} = (XC¥{X{2I*%SETA-X{3I*CETA)/R3 — 2.DO*DETAXDXI*CXI +
1 RM#DXI={ DPSI+DETA®C XL} ) /SXI
DX{1LY = DETA®#2%SXI*CXI — XCR{X{L)}*SXI+CAI*{X{2)%CETA+X{3 )+SETAY}
I /R3 ~ RM*SXI*{DPSI+DETA*CXI }*DETA

DX{12} = DETA*DXI*SXI - OX{10}*CXI
GO 70 =0
40 DX{10) = 0.DO
DX{Lll) = 0.DO
DX{12) = C.DO
50 RETURN
END

$IBFTL ENRGY.
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SUBRDUTINE ENERGYIESEROT,X,DX)
INTEGER PCS.CLRP.PLOTSRUN
DOUBLE PRECISION ESEROTsXsDXe

1 EROC «sRMe VoETRCEPLCSEPTLs XXCLl e XXL20 XLy
2 REsV2+sSXI sRoToKT sQsR2sCXIsEPsSIGe ETRAN,
3 XI+ETALPSI+DXI.DETA,OPSIEPOL,EPOT,LDL2

DDUBLE PRECISION VLJ

LOGICAL CUTPLT

D IMENSION X{6},DX{6)

COMMON/PCSCY PCS

COMMON/DDC/ RE+VZ2sSXIsRoToKT9iDL:1D2,0(123CLRPRUN{3),
* PLOTL{S),CUTPLT

COMMON /JACKEN/ ERUC sRMa Vo ETRC2EPLL »EPTC pXXL1 s XXC2s XLy JLDL-EP-SIG
1 <ETRANSEPOT.EPOL

ETA = X{4)
XI = Xi5)
PSI = X{&6}

DETA = DX{4)
DXI = DX{5}
DPSI = DX{é6}
SXI = DSINEXI}

LXl DCOS{XE)
R = DSURT{XI23xX(1) + X{2)#X{2) + X{3)*X{(3})
R2 = R®¥R

EROT = EROC* {{OXI*DX] + {DETA*SXII*%2) + RMXIDPSI+DETARCX] )*¥*2)
V2 = {OX{13%DX{1) + DX{2)%DX(2) + DX{3)%DX{(3)}
60 TO {1.2}. PCS
1 EPOT = (EPTC /R*R2I)=(X{1I*SXI*DSIN(ETA)-X{2)*SXI*DCOS{ETA) +
I XI3M%CXI)
GO TO {4:5), JCD1
2 EPOY = {EPTC/IR*R23II*{X{L3#LX] — Xi2)%SXI*DCOS{ETA) - XI3)#SXI=*
1 DSINIETA))
60 TO (4+58, JLD1
4 EPOL = EPLLCY/{R2%R2}
GO TO 6
5 VLJI=EP*{SIG/R)%%]12
EPOL=FEPLL/I{RZ*¥R2)-VLY



6 tIRAN=EIRLFV,
FeirGT e iRan—ePdl-ePul
KRETURY

£ N

$IBFTC RKe

16
20

30

40
50

SUBRUUTINE RK(NtﬂT’Hy)(pXF gF)

D0ubL £ PRECISIUGN TeHe X s XF 2A g3 oC yL;ngLerMP
DIMENS IUN X{NE) ¢XF {NE)

DIMENSIUON LAGLL)so{18s12),Y(18B)
COMMON /RKLC/NVeNVML,LILL) »51(12) sAl0S)
DATA LA [0s1 3396910515221 428,36:%454555/7
CALL FiUTeXeul(lsel))

DU 30 L=l,NvMl

DU 20 I=Lle¢NE

DTEMP = U.DO

M=LA{L)

DO lu K=l,.L

M=M+1

DTEMP =LCTEMP+A (MG (] 4K)
YUI)=XU1) %0 TEMP

CALL FLT+#H=CLL) oY 5l L+ 1))

CONTINUE

DU 50 1=1¢NE

DTEMP = J.0D0

DO 40 L=1.NV

DTEMP =UTENMP+B(L)*G (L)
XFE{D)=X{L )y +e%DTEMP

T=T+H

RETURN

END

$IBFTC SETRK .

SUBRGUTINE SETRK{NMY

DOUBLE PRECISIUN AsB8+C 0102504 sKN,

1 TOTERRgMAXER oHI s MAXHR sHMAXHMIN;HAV,
2 TS1,CNCDsANAD BN ,BD

INTEGER NTL( 8)NT21 3)oNT3{ T7) NT{ 3) ¢NVA( T}
INTEGER P

DIMENSION CN{36),C0(30) sANIL48) cAD(36) «BNI43}8D(T)
COMMON /R_KLC/ NVenNVML,C (L1} ,BLL2) sA(66)

CUMMUN /ZINTSET/ Cl,C2 043RN

CUMMUON /INTES/ TOTERR MAXER ;iHI » MAXHR gHMAX ; HMI N HAV 5 NS o NSF
DATA NVA 72435426057 49,12/7 P

1 NT /0515223:4:5:6:37/5

3L



32

2 nNT L 102 s4:1,12:18:26537/
3 NTZ /ls3:0510516:23632:%4/7,
4 NT3 /ls2+5911 2694783/

DATA LN
1/ 1aD0, 100510051500l eD091aD05Le0032s0051:00526D0340051D0052.D05
2lolDUs 160053 1e003 100092600091 DU4le00,310038.00451.0065.00431.00:1.00
31005 Lab0:1laD0s1lev05La00¢2000451eD055.00:5.00,1.00/

UATA CD

1/ 160062005 1.0022.0032eD0512a0053:0095.0031.D373.00:5.D0053.D00,3:D0,
23005 2.0042.U000 1aDU3 900300920030 DU099,0039.0046.0051:00:9.D05
360054005 10.D0:620052s009360093:0036.D0,36.D0,41.00/

DATA B8N

1/1:0U05 100516009 4e0U31a0031eD07,2:0052.U0,41.00;23.D0050.D005,125.D0,
A QauU0s—8l.U0s 12500,
2112DU5CeuCe8lobDUsB8LaD0s=32eD0~32:00411.D00,110201.00,0.0050,.D05
3767936.0U5635040.,005-59049:.005-59049.00,0352%0.,00,110201.00541.D0¢
40eD07 UalUg U053 0e0042L6.004272:.D0427eD0327.D03436.00,180.D0,41.00/
UDATA BO

L /2+005000030D00192.005120.00,2140320.00,840.D0/

DATA AN / 1UU21:00s-10052400,100,0.0041.D00430:D050,D0,1.D041.D0,
1 4.uu,6,i)0,1.009—12.00,15.00,6400990900,—5030078.,00,6.00,36.00,
2 LaDle8s0050sD05120050.0052s0051eD09%4D0¢=1.005-1.00,18,003,-3.00,
3 "‘baUUaUaUOQ9.007‘3.309‘6»00'4000799DO 1"36503 963eDOy720D0) 0:001
4 —6400092s0051eD053.0051.0000.D033.004923.00433eD0221.00,~-8.D0,
5-4136 .00, 0.003-139584,00,5264.D0,413104.D00,105131.00,0.00,322016.00,
6 —107744.004-28425000:170L.00,-775229.00 430600 ,-2770950 .00
T 1735136.00,2547216.00:8189L.004328536.00423569.00,0.00,-122304.00
8 5-203684.005095520.00U4=-99873.D00,-466%60.D0:241920.00,1.005 100,
8 3:009 1009060063600 092920040.00533.D0-12.00433,0030D0,0.D05%.D0,
9 125.0C3-2160050:0030600576.U0,125.D04~162.003=-30.00,;,0.D040.00,
A —32,00s125.0050.00599.00351175.D050.D0450:009~3456.00,4-6290 .00,
B 8424..005242.005-27,00,:293:.00,30.D030.D0,~852.00,-1375.00,1836.00,
C ~118.005 162100532463 0431303,00,06D030D05=4260.003-68375.D35999.D1,
D L030.005 CoD030:D0,162.00:-8595.0040.00:0.00:30720.00448750.D0,
E 6605600033 78.003-729.00+=1944-D0,-1296.00,3240.D0/

UATA AD

1 /7100520001600 2:009260051.0053.D0092%-00:4.004381:00575.D0053.000,
2 3.0 12:U0710e00586)0344-0039.00,12.0036.00:216.D0,729.D),
3151632.0041375920.005251888.0059.004524.00,16.0345.D2;972.D04536.D05
4 243.,009324.0049324.00,4162.0144428.00/

NN = M

[F{NNsEJdU) RETURN

IF(MAXFR .LE-0-D0) MAXHR = 4,00

P=NN+1

FSL = ¢.UU%%QN

Cl = 1l.00/(7T51-1.D0)

C2=TS1=(C1

L4 = 1.00/(MAXHR®*P)

RN = L.DU/03LEL(FLOAT(P))

N=NT{NN)

NV=NVA{N)

NVM L=NVy-1

TLi=nNT2(N)

{12=NT2{(N+1)-1

K =0

DU 10 1=l1ls12

K=K+l



10

20

$IBFT

18

BIK) = bN{[}/B0{nN)

1i=NTLIN)
I2=NTL{N+1)~]
K =0

L=0

DO 20 I=f1l.12
K=K +1

CEKY = (N{LI)/Lo(L)
DO 20 J=l¢K
M=NT3{N)+L

L=L+1

AlL )Y = ANIMY/ADL(IL)
RETURN

END

C PTUP &

SUBROUTINE PTUP (£P DEP ,E,DE)
DOUBLE PRECLSION EP,DEP,E,DE,
WE sOWE g JEP JDQEP P, T 45, PD,TD, S0,
PPy TPsSP PP, TPL,SPU,
SNPCPeSTsCToCTP,STP SN
SPP ,CPP,SSP,CSP
DOUBLE PRECISIUN SINsCUOSsARCCOS:ATANZ 5 X5 Y
DIMENSION WE(6) sUJE(6) sQEP (o) yDUEPL6) yEL6) sDE(6) ,EP(6) s DEP{6)
EQUIVALENCE (QE{4)4P) ({QE(5) 2 T) s (QE(6) 5S) 5 (DUE(4) 4 PD) 5 (DQE(5), T DY,
LEDIELO IS0y (WEP(4) 3PP o (WEP (5) s TP} o {QEP6) 45P) s {ONEPL4),PPD),
20DUEP 151y TPU) o { DUEPIG) ¢5PD)
SINEX) = D3IN(X)
CUSEX) = BCASEX)
ARCCOS(X) = DAKCUS(X)
ATANZ{XsY) = DATAN2(X,Y)
DU 18 I=4,6
QEP (L )=eP (1)
DQEP( [1=0tP(1)
SPP=SIN(PP)
CPP=CAS(PP)
STP=SIN(TP)
CTP=CUSITP)
SSP=3IN(SP)
CSP=CASISP)
CT=—35TP%SPP
T=ARCCUS(CT)
ST=5IN(T)
SN = OSIGN{LaDOsST)
P=ATAN2(C TP%Sils STP¥CPP*SN)
SNP =S INEP )
CP=CUSI(P)
S=ATANZ2((=CSPECPP+L TPRSPP%5SSP) % SNg (SSPHCPP+CTPESPPECSP ) #SN )
SD={L{SPUECTP+PPU) % SNP= (TPO*3PP-SPURST PRCPP)*CP)/ST
TD={TPO*SPP=-SPDXSTPRLPP+SDRST*CP)/5NP
PO=—( TPDXLPP+SPU% STPRSPP+ 30%C T)
DO 22 I=4,6
E (Ld=qE(L)

£ N e

33



22 DE (1)=uwkell]}

U0 30 I=1+3
E(I)=EP{L)

30 Dedf=0EP {1}

KETURW
END

$IBFTC UPTP.

34

18

22

30

SUBRUUTINE UPTP(E Uk sEP,0EP)

DUUBLE PRECLISIUN E Db sEPDEP
() 9DQC9QEP10HtP 1P1Ty$9PU’TU’S_D7
PPyTP o SPsPPOTPD,SPU,
SNPsCP s ST LT s35CSeCTPSTPSN,
SPP.CPP

DOUBLE PRECLISIUN SIN CUS»ARCLOS,ATANZ 9 XY

O -

DIMENSIUN QE(O6) 3J0QE(6) yQEPLI6) s0QEPI6) sE(L) 2 DEL6) yEP(6),DEPI6)
EQUIVALENCE {QE{«) 4P) odQE(5) 2 T) s IQE(6) 451 o {UQEL4): PD)s (DQE{(5),TD).,
HDGELS 4301, LdEPL4A) PP ) o LQEP (D) 3 TP) s (JEPLG) »5P) 3 {DAEP(4),P PO,

0QeP (5), TPU) s {uQEP {6} s 5PD)
SINTUX)Y) = DSIN{X)

COS(X) = JCa3S{X)

ARCCOS{X) = 0ARCUS{X)

ATANZ (XY ) = DATANZ(X,Y)

DUy 18 I=490

QELI)=ElI

puclili=uEll)

SNP =5 (P}

CP=C0S(P)

ST=SIN(T)

CT=CusS(T)

S5=5IN(S)

LS5=C0s(3)

CTP=5T*S\P

TP=ACLOS(LTP)

SIP=SIN(TP)

SN = OS1uonN{1.00,3T?)
PP=ATAN2{~CT® SNy ST*CP* 5N}
SeP=5in{PP)

CPP=CaS(rP)

SP=ATANZ2{ (C3*LP—CT*oNPxS3) % SNy~ {SSKLP+CTHSINP*CS %S N}
SPO={ { SO% STRLP-TORSNP ) #LPP-{SDXCT+PD) %SPP)/STP
TPO=( TO%SNP-SO*STHCP+SPDXSTPRCPP)/>PP
PPO=TD*(P +SO*STRSNP-SPDFCTP
D3 22 I=4,06

EPCII=QEP (1}

DEP{ T )=UJEP(1)

b0 30 I=1,3

EP({I)=E(I}

DEP(L)=DELL)

RETURN

END



$I8FT

1¢

2C

3¢

€ 5CT.

SUBROUTINE U T{5,05,0 s0C s MuDE)
DIMENSIUN STL) 0o (LY¥C L)L (L)
DOUBLE PRECISIULN byubvc eI C oK s UR 5 bry(’ryUTRayf)Ppr?{y

1 XeDRg You Yl ke LP
GD Tu (1u,20)s MJIDE

R = 5(1)

UR = 0S{1)

ST = vSIN(S(2))

CT = 0C03(>5{2))

DTR = R*xuS(2)

SP = DSIN(S(3))

CP = DCUS(S(31)

DPR = RxUS(3)

Cll) = RxST=_CP

Cl2) = R&ST*35P

C{3) = R&(T

DCLL) = DREST®CP + DTRECTRCP — DPR%®ST%SP
DCL2) = OR®3T#SP + DTIRFLT®SP + UPREZT*{P
0CC3) = uR%LT - JTR¥S5H}

by Ig 320

X = C(1)

DX = uC{l})

Y = C{ez)

DY = 0C(2)

L = C{zZ)

DZ = DLL3)

R2 = X%X + Y¥Y + /%]

S(1) = DSuRT{RZ}

SE2) = DARCUS(Z/>{L))

S{3) = uaTANZ(Y X}

DS{ 1) = {(X%DX + Y¥DY + Z%¥DZ)/5{(1}
DSE2) = A Z%05(L)-S(L¥*%UZ) /{S{L)%DSURTIRZ-2%Z) )
DS{3) = { X=QY-Y¥DX)/IRZ~-IL%{)

RETURN

END

I{BFTC DARC.

10
20

bousLE PRECISIUN FUNCTION DARCUS({X)

DOuUBLE PRECISIUN XsYsPIl HALFPI ,DATAN,USURT

DATA P1/3.141592693589793200/ yAALFPI/L.57CT79032679489700/
ITFEUABSIX)eGTa1.00) CALL ARERR{36ADARCEOS CALLED WiITH ARGIMENT
1 1.9}

[F{X.EdevsU) GO TU 10

Y = UATAN(DOSQRT{L.00-X%X)/X)

IF{Y.LT.0.D0) ¥ =Y ¢ Pi

DARCUS = Y

6y T 20
DARCUS =
KETURN
£END

HALFP

CGT‘

35
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SUBKRUUTINE DBS

LUGICAL NUPLUTy SKTe T CUTPLT

INTEGER PLSCLRPPLUT

DUUBLE Pr(l:ClSiUf\a ngZ 9kﬁRt1IyKrss){X

COMMUN/DOLY/ RE3 V2 s 3XAsR3 Ty KT IDL sID2,wil2)sCLRP;

L RUNE 3P LUTLS) CUTPLT

COMMON /PLSL/ PL3S

REAL RA{LUOO) s VA(LUUO) sREA(LO00) sXXA{1000) +YYA(LOD0},Z2ZAL10Q0U},

L THETAAL1000) s XA{1000) 3 YALLOO0) ZALLV00)  GAMMAA(LOOD ) s PHIAL 1000,
2 JALLOUUL2) s IV{2) +KTL(2) 4 NEQP

EQUIVALENCE (QA{L,1)sRA(L)I} s {QAIL2) sVALL)) (QA(L;3),REALL))s (Q
1A Lea) e XXALL) ) e (WALl 950 sYYA{L)) s (dAlL,06) 9ZZA{L) s (QA{L, T}, THETA
2ALL)) s (JA(LsBY o XALLY) o (QALL9) 3YALL)) s (WALl 10)ZA0L))s (WwALL,1
L) GAMMAAL L)) s (GLA(L 120 sPHIA(L))

DATA NPA/lZ/yLREC/1000/9&T0/57529578/9EUP/1»/7NEUP/Ua/yBtG/4H$RlB/
L END/aH$R LE/ s bV /L 2A /KTC/L12H - /s LRECM1/999 /
VDATA NPLTS/5/

NUPLUT=.TRUE.

BU 1 Iil=1,nNPLTS

IF (PLUT(IL)NELUY GU TUO 2

RETURN

NUPLUT=,.r AL SE .

SKTHEF=aTRUE o

IF (PLUT(Z2)atde0) OKTHET=.FALSE.

REwINOJ 1

NREC=0

iP=1

WRITE {0 752

RETURN

ENTKY UDR

I[F {NJPLUT) KETURN

IF LLCUTPLYTY ANV {IPEWe LRECML)) R TURN

IP=Ip+1

RA{ Ir) = K

IF {(PLOTL LlieEd-0) o0 TU 3

VAL TP ) =ouRTIONGLIVZ))

REA(LIP I=0NGLIRE)

IF (PLOT{Z)etws0) GU TU 4

XXA(LIP ¥=sNoL (w{l)}

YYALIP )=SnoL{«l(2))

LZA{LIP )=5NGL LWL 3))

THETAALIP }=ARC0uUuS{¢ZA(IP)/79NGL{R)Y I%RRTD

It (PLOTLE 2).EW.0) U TU B

Gd Td {bsH)ePLS

RETURN TJ URIGINAL VERSIUN

CXI==5INCSNGLAQ(2))I*SINISNGL{WL4Y))

SXI=SdnT( Le~LAl%CXI)
ETA=ATANZ2CCUSEISNSLIGISY) ) s SINIONGLIQ{S )Y )FCOSISNGLIQ{4) )}}

GL TG 7

CXI=CaS{oNGLII{D)})

SXi=>xIn{sNuoLluw(5)))

eta=SNGL{«{4&))

CETA=CUS(ETA)

SETA=S5IN{ETA)

AALIP ) =5KI%5ETA

YAL [P J=—>Xx]I*CETA

LALIP I =0X T
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11
12

13

14
15

16

s

GAMMAA(LIP) = ARCUSTISNuL{GIL) )*XA(IP) + SNGL{J(2))sYAal{IP)
1+ SNoL(J(3))%ZA{IP})/ESNGLL{R))) * RTD
IF (PLUT(4).,EN.0) SU TG 9

IF (SKTHET) Gu T3 9

THETAA(IP )=ARCUSEISNGLIWI31 ) /SNGL (R) ) *RTD
1F (PLUOTU%).EQ.0) GU TU 10
PHLALIP)=ATANZISNGLEW(Z2)Y) o SNGL{QIL) 3 ) %RTD
I[F (PHIA(IP).LT.0.) PHIA(IP)=PHIA{IP)+36].
IF (1P LT.LRECL) RETUKRN

If {(NREC.GT.0) GO TO 12
vIi=va{2)

RI=A8S5(RA{2))

XXB=XXa{2)

YYB=YYAL2)

2LB=LIA(2)

XB=XA(2Z)

Ys=yva{ 2)

IB=2A42)

DO 11 Il=1,NPA

QAL L I 1)=QA(2,11)

NREC=NREC +1

WRITE (1) WA

DO 13 [l=1,NPA

WAL L, I1)=yuA{LREC,IL)

Ip=1

KETURN

ENTRY oDP

IF (NJPLIOT) KETURN

IF (NREC.GT.0) GU TU 15
RI=AS5(RA(2))

VI=VAL 2}

XXB=XXA{2)

YYB=YYA(Z)

LIB=21AL2)

XB=XA{ z)

Yo=YAl2)

Zb=LAL2)

DU L& Il=lenPA
JALLs [ 1)=yat2, I 1)

iPL=1P-1

IF 1IPL.GTLL) GU TO 16

IF (IPL.EW.L) IPL=LREL

IF {IPLeEWU) IPL=LREC-I

GO Tu 17

NREU=NREL+1

MTi=1

IF {NREC.EW-1) wd TO 1o

MTLl=2

WRITE (1) wA

XXE=XXALIPL)

YYE=YYA{IPL)

LLE=ZZACIPL)

XE=Xa( IPL )

Ye=YAa( [PL)

LE=ZALIPL)

[F {PLUTL L)sEW.0) GU TU 31
CALL HEAD

CALL LRSIZE (0.05100359:05L0.1
CALL LT(MH\’JN (anWUobvu‘sb’O»bé

37



i3
29

21

22
23
24

25
26

27

28
29
30
31

32

33

38

Catt LrbboN ( 36HIUN-MJLECULE SEPARATION [N ANGSTROMS:36:0: 3684951
125, NEJP)

CALL LRLEOUN {35HvELJCTTY SCALED T INITIAL VALUE OF:35,1:0.10045.3
1o v EJP )

CaLt LACNVYT {(visliebe33IlViaell b))

CALL LRLEUN {(IvellslsU-2100580.10NEUPY
CALL wlbLEun (T CTM/SEC 3Te130610049.05 ¢ NEOP)
CALL LRANGE(RDI0.0:0.020,0)

CALL LROrIU 1 251+sRI/104:001

GU Tu {19.21) 011

DU v Il=l,IPL

vA(IL)=valll)/vl

CALL LRCURY {RasVAIPL, 2 5YM30L ¢ NEUP)

GU Tu <4

KewiIND L

NP =LKEC

D0 23 LREC=lsNREC

READ (1) WA

If (IRECskwoaNKEC) NP=IPL

Do 22 iL=lQNP

va(tlil)=vatll})/vl

CALL LRCURY (RASVAeNP 32, 3YMBULsNEUP)

CALL LROIZE (Ge0slUs sUa0s5s U)

CALL LALEGN (36HLUN-MOLECULE ScPARATION IN ANOGSTROMS 36405 384,01
125y NEUP)

CALL LRLLOGN (3Z2HRUGTATIONAL ENERGY SCALED TU KT =433245130.10050.6,NE
10P)

CALL LRUNVT (KTy34,KTC 44311 94

CALL LARLEON (KTLellsl;;0.10053.184NE0P)
CALL LRLEGN {Z2HEV;2+150.10034.12 4NEOP)
RESCAL =KT* l.6k-4

Gu Tu (25,27),MT71

PO 26 Il=1,1iPL

REACLIL)=REACLL) /RESCAL

CALL LRCURV (RASREAZIPL 2 SYMBOL 4NEDOP)

GU Tu 20

REwIND 1

NP=LREC

DU 29 IKEC=1sNREL

READ (1) A

If {IREC.cdNREC) NP=IPL

DO 28 1l=1l,NP

REA{TILI=REA(I1}/RESLAL

CALL LRCURV {(RAREANP;2,SYM3OL s NEUP)

CALL LKLtonN (1H glyO;oSgsS?EUP)

iF (PLOUT({2}.Ed-0} GO TO 48

CALL KEAD

CALL LRMRGN (1.0:0.570.551.0)

CALL LRSIZE (0e055.035005,10.)

CALL LRANGE {—-RI4RIs—RI4R1T)

CALL LRORID (272K 4r1)

CALL LRLEGN {oHX AXIS:6:042:2545.125:NEUP)
CALL LRLEOGN (6HY AXISs641430.100:;7.25NEOP)
GO TO (32,33):M71

CALL LRULURY {XXA;YYAIPL:2:SYM3OL.NEUP)

GU TG 35

REWINO L

NP=LREC

DU 34 IReC=1,NREC



34
35

36

37

38
33

40

41

42
43

44

45

46
41
48

READ

{1) WA

IF (IRECsEweREC) NP=IPL

CALL
caLtL
CALL
CALL
CALL
CALL
GU O

Gu TO
REWIN
NP =LR
DO 38
READ

LRCURV
LRLADBL
LRLAGBL
LRSI ZE
LKLE OGN
LRLouN

{ XXA; YYA NP o2 : SYMBOL s NEUP)
(BEG 40 XXB o YYB s NECGP)
[ENDs4 U XXEYYE s NEUP)
(D52Us10e95.0:10.)

{OHY AXIS365057:25:5.125,NEUP)
{6HZ AXIS36431¢5.1004,7.25NEUP)

{36:37}):MT1
CALL LRCURY (YYAZZAsIPLo2:SYMBOL,NEOP)

39
01
£C

IREC=14NREC

(1) wA

IF {IRELEWNREC) NP=IPL

CALL
CALL
CALL
CALL
CALL
CAL L
G0 TO
GO TO
REwiIN
NP =LR

LRCURY
LRLABL
Lrbavl
LRSLZE
LRLEUGN
LRLEGN

(YYALZZA NP2 SYMBUL 4NEUP)
(BEGs4s05YYd 9228 s NEQP)

‘EIN'\) 9490’YYE 9[,13:9!\1&0‘”

(Oo GfSoUiUonboo)

{6HZ AXISs640 ’ZoZSyUoLZSQNEUP)
(O6HX AXISs051 5010032425, NEUP)

{40541) sMT]
LALL LRCunrY (ZZAXXA:IPLs2¢SYMBOLNEUP)

43
vl
EC

DO 42 IREC=l¢NREC

READ

(1) WA

I (IREC.EQ.NREL) NP=IPL

CALL
CALL
CALL
CALL
CALL
1255 NE
CALL

LRCURYV
LRLaBl
LRLABL
LROLZE
L RLE GIN
apP)

LRLEOGN

(Z/.A vXXAyNP)Z '] SYMBOL 1NEUP)

(BtGy""lO’LZByXXBQNEUP)

‘LNU"}'O,LZ& s XXE 3 NEGP)

{5.0¢10:9004500)

{ 36HION MULELULE SEPARATIUN IN ANGSTRUMS:36450,6.34,0.1

{ 26H PULAR ANGLE IN DEGREES 326491450100, 1.50,NEOP)

CALL LRANGEIRI,0:07U-04180:)

LALL LRGRID {(2925R1/5.349.1

{444,45) yMTL

CALL LRCURY (RAsTHETAAIPL2,SYMBOLsNECP)

GG TU

GU TU
REWIN
NP =LR
DO 40
READ

41
01
EC

IREC=1sNREC

{1) QA

if (IREC.EJ.NREC) NP=IPL

CALL LRCURV {RA;THETAA ;NP2 s SYMBOL » NEQP)
CALL LRLEGN (1H 919075957059EGP)

IF (PLUT(3)eEQ-0) GO TG 65

CALL
caAaLL
CaLL
CALL
CALL
CALL
CALL
G0 10

HEAU

L RMR GN
LRSIZE
LRANGE
LRGR 1D
LRLEGN
LRLE OGN

{1:0506920:5:1.01%
{0.0:5:025.,0510.}
("19031.09-1@0,1»0)
{2s2:1:051.0)

{ 6HX AlegbgO,1925gbngS gl\!EUP)
{6HY AXIS 641 50.10047.255NEQP)

(49:501,MT1

39



49

50

52

53

54

55

57

58
59

60

61

62

63
o4
e5

40

CALL LRCURY (XA YALIPLo2:SYM3IUL sNEUGP)

Gu Iy €2

KiwliINO 1

NP =LREL

Du 51 IREUL=1l.NREC

READ (1) QA

{F UIREC.EWwsNREC) NP=LPL

CALL LKRCURV (XAsYA NP2, 5YMBUL, NEOP)

CALL LAcaBL (BEGe4s0s X3 YBoNEOP)

CALL LRLABL (ENDs4+s09XEeYE s NEOP)

LALL LRSIZE (5:0:10695.02106)

CALL LRLEuiN (OHY AXID6335722555.1253NEUP)
CALL LRLEGN (OHZ AXISe6351l 49.100,7.25,NEUP)
GO TO (H93554)MTL

CALL LRLury ‘YA:[AﬁlPL;Z;SYMﬁGLgNEUP)

G 1D so

REWIND 1

NP=LREC

DO 55 IREC=LsNREC

READ (1) GA

IF {(IREC.EJNRETC) NP=IPL

CALL LRCURY (YA ZA NP 32, SYMBULNEUP)

CALL LRLABL {(BEGs4s09YB LB ¢nNECP)

CALL LRLABL (ENU34+0sYE»LE s NEGP)

CALL LRSIZE (Ue055.,050aiUsb.0)

CALL LrRLzoN LO6HZ AXIS36190:2.2550.125NEUP)
CALL LRLEGH (6HK AXIDe0,150.10052.25sNEQP)
GG TU (57,58):MT1

CALL LRLCURYV (ZAa 4XAIPLs2s5YMBCLoNEUP)

GO Tu 60

KeEwiNo 1

NP=LREC

D0 99 IREC=LlsNRrREC

READ (1) wA

IF (IREC.EusNRLEC) NP=IPL

CALL LRUURY (ZAsXANP 32,3 SYMBULNEDP)

CALL LRLABL {0LuebsU9lts XB onnELUP)

CALL LrRLABL {ENUDs4yUs ZE o XE o NEDP)

CALL LRSIZE (5e0210:90.035.0)

CALL LRLEOUN (3uRlUN-MULELULE SEPARATION IN ANGSTRUMS;36,056.3450.1

125, NEUP)

CALL LRLooN { 28HURLIENTATIUN ANGLE IN DEGREES:28B+195.100,1.50,NEQP)

CALL LRANGEIR Iy U0y 0.051806)

CALL LRORIVU (29 29RI/9e 2494}

GD T3 {(6ls02)eMTL

CALL LRLUURYV (RApuAMMAA (IPLy 2 SYMBOL s NEGP)
GU TU o4

REWIND 1

NP =LrREC

vU 63 IREC=1sNREC

REAU (1} JA

IF (IREC.EWeNRLEC) NP=IPL

CALL LRCURY (RAZ;OAMMAA NP 2 3 SYMBCL s NEQP)
CALL LRLEOLN {1IH 3140596955 :E0P)

IF (PLOTI4).EQ.0) U TU 70

CALL HcA

CALL LRSIZE fUesl0s9s0a5l00)d

CALL LM GN (lanUabaloUpUeD)

LALL LRLASE (29



CALL LrbzoN (36HIUuN-MULECULE SEPARATION IN ANGSTROMS: 3020, 3:14:0.2
100, NEUP)

CALL CLRLEON {22HPULAR ANubLt IN DEGRCEES225130:.124:3.80¢ NEQP)

CALL LRAANGE(RL1:0.0:0.05180.)

CALL LROKID (252sR1/9.345.)

GO Fu (6656T),MTL

66 CALL LRCURV (KA THETAAIPL: 2 SYMBOL,NECP)
GU Tu ¢&9

67 REWIND 1
NP =LREC

U0 68 IRcC=lgikES
READ (1) wA
IF (IREC. EWaNREC) WP=LPL

68 CALL LRCUKY (RAZTHETAA NP 2 oS5YMBOL s NEUP)
69 CALL LRLEGN (Ll 319050590 2,E0P)
70 IF(PLUT{5).EW-0) GU TJ 100
LALL HEAD

CALL LRSIZE (0o sl0esVa sl Us)

CALL LRMRGN (1.0+0.551.050.51)

CALL LRCASZ (2}

CALL LRLeoN (36HIUN-MULECULE SEPARATIUON IN ANGSTROMS:363093:144,0.2
100, NEUP)

CALL LRLEGN {( 206HAZIMUTHAL ANGLE IN DEGREES255:1:0.1253 .40, NEOP)
CALL LRANGEIRI 5U0.030.us300.)

CALL LRORID {Z2¢2¢k1/754345.)

GU TU (TLs72) 4871

71 CALL LRCURY (RAsPHIAIPLy2ySYMBUL,NEGP)
GO Tu 14

12 REw IND 1
NP =LREC

DU 73 IREC=1,NKEC
READ (1) WA
IF [IREC.EG.NREC) NP=IPL

i3 CALL LRCURYV {RAPHIANP 2 ¢ SYMBOL sNEQP)
T4 CALL LRLEGN {1lH 3140902202 9EUP)
100 CUNTINUE
RETURN
I5 FORMAT (24H+THi> LASE TU BE PLOTTED)
END

$IBFTC HCAD.

SUBRUUTINE HEAD

CUMMUN JUUCY/ REgV2iSXI sRe T KT 101 ID25W{12)sCLEP,RUN{3),PLOTLH)
1 ;CulPLT

DIOUBLE PRECISIUN RE V2 ¢SXI Ry TeKT

REAL CASE(Z2),NEUP sTYPE[8)

DATA NEUP / 0. / o

L TYPE/ 48HCAPTURE REPULSITUN Cul oF TIMe TOUU SMALL /
INTEGER CLRP,PLOT

CALL LRSIZE{IU.0410:350.04195)

CALL LACNVILIDL Ll CasELL) sLls040)

CALL LRONVT(LUZ2s1LCASE(2) 3136 40)

CALL LRCADZL(Z)



INDEX = 2¥{CLRP-1) %+ 1

CALL LRLEGNi3HRUN;330454.5059.8754NEOP!

CALL LRLEGN{RUN,; 18,0,2.00,9.875,NEQP}

CALL LRLEGN{4HCASE 34,0:4-80,9.875,NEQP}

CALL LRLEGNICASE-1250:5:42559.875,NEOP}

CALL LRLEGN{TYPELINDEX) 12+057.12559.875,NEOP}
CALL LRCHSZ{1}

RETURN

END

$IBFIC PLTCM .

<
¥ SPECIAL MUVIE DECK., SIMPLIFIED
SUBROUTINE DDS
LOGICAL OUN
LOGGICAL CUTPLT
LOGICAL DIPOLE
REAL XA(15002,YAL{15003 «XXAL{1500),YYA(L15003,TAL1500) «NEOPs
1 DUMX{2),DUMY{2),ZR{1500}
DOUBLE PRELISION EROCsRMsVoETRCEPLC s MUE s XCAXCB»XCoLDL
DOUBLE PRECISION QsV2sRsREsToKTo5XX
INTEGER PLS+CLRP.PLQOT
< COMMON FOR POTENTIAL SPHERE RADIUS
COMMUONM/CIRLLE/ RADIUSSRVYIEWUN
COMMON FOR COURD SYSTEM SWITCH
COMMON/PCSC/ PCS
L COMMUN FOR ALL MAJOR VARIABLES
COMMON/ODC/ REsV2:5XXsReTsKTsIDLoID2,0{12) s CLRP,RUN{3},PLOT(5)
1 LCUTPLT
COMMON/JACKEN/ ERUCRMsVsETRCEPLL MUES XCA» XCBoXLsJCDLCD1
DIMENSION XAXISX423, YAXISX(2)s YAXISY{2) s XAXISY{2)
DATA XAXISX/=100s%#10./» YAXISXSI—10s+=10./
DATA XAXISY/-10s9=10a/s YAXISY/-10.5%10.7
DATA AXsBXolL XeDXobEX /3%2.0+520:8.0/
DATA AYoBYSCYeDYoEY /25045:0580092-0:2.0/
DATA LRECM1/71500/s EUP/Ls/ s NEWP/O0./

&

DUMMY ENTRY TO START PLOTTING
MAKES MOVIES IN X—--Y PLANE NOW

2 EsRakznl

ip 0
ON = -TRUE-
DIPOLE = LTRUE.

c SAVE COLLISION RADIUS
R ADMAX=RADIUS
IF{MUE . EX . 0.D0) DIPDLE = FALSE.
WRITEL{6,101)

101 FORMAT{ 24H+MOVIE MADE IN LM SYSTEM )

R ETURN

[}

& ENTRY TO RECORD VARIABLES

42



SO OO

o6

5 606

ENTRY DODR
TF{EPGE-LRELML} RETURN
iPp = 1P ¢+ 1

STORE SCALED TIME
CLOCK PERIOD £S 10%%x{-13} SEC
TA{IP) = AMOD(ISNGLIT)510.3%.,628319

STORE ION POSITION

CENTER OF MASS COORDS
X = Q41)
Y = 02}
PHI = ATANZ{Y,X}
XXALIP ) = Q.5 SNGLIR}*COS{PHI}
YYA(IP) = 0.5SNGL{R}*SIN{PHI}

L = 0.5%0(3)
IF{ABS(Z).6T.10.) GO TO 2

SPECIAL RADIUS VARIATION
RADIUS = RADMAX%{0.5+Z/40.)
Gu TO 3
RADIUS = 0.0
ZROIP) = RADIUS

STIRE DIPOLE POSITION
IF{ .NOTLDIPOLE) RETURN
GO TO 16+5)s PCS

CXI = —SINISNGL{Q(S))I=SINISNGLLQ{%) )

SXI = SORT{1.0-CXI#®%k2)

ETA = ATANZ2{COSISNGLIQISI )] +SINISNGLIO(5) 33 *COS{SNGLIQI452)}
GO0 Y0 7

CXI = COS{SNGL{OQ{5})))

SXI = SIN{SNGLIQ(5)))

EiA = Q1{4}

CETA = LOS{ETA)
SETA = SIN{ETA)

NOTE SCALING OF DIPOLE LENGTH

«57735 IS 1.0/S0RT{3.}
SCALER=L,5T735%KADIUS

NOFT& PHASE SHIFT BECAUSE ETA AHEAD BY PIs2

XALLIP) = SXI*SETA®SCALER - XXALIP)
YALIPY = —-SAI*CETA¥SCALER — YYA{IP)
RETURN

ENTRY TO MAKE MOVIE

ENTRY ODP
CLOSE IN VIEW

RVIEW = 10.

CALL LRMON

CALL LREON

£ALL LKSIZEIO&O?!;OQ 900093.09)
CALL LRMRGN(Q?5QQ ?5&@759!3?5)
CALL BLANK

CALL TeST

CaLl BLAMNK

CALL FESY
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[aNakx]

OO,

¢

OO0

C

C

44

78

CALL LRMRGNE 2.3502200:2223352+ 02

CALL HEADM

CALL LRCHSZIZ2)

CALL LRANGE{-KVIEW:RV1EWs—RVIEW-RYIEW)
CALL LRGRID({1512064905)

BEGIN MAIN MOVIE LOOP

DO 80 I=1.1IP
ISAVE = |

MsKE SURE WE HIT OUTPUT
CaLt TIMLFTL{TILEFT)
IF{TLREFT L T2%00.) RETURN

LABEL THE PERIMETER (IN ANGSTROMS)

CALL LRLEGN(3H—10:350+,AXAYNEUP)
CALL LRLEGN{IHO +21:0sBX+BYsNEUP)
CALL LRLEUGN{IHO +1¢0.DXsDYsNEDP)
CALL LRLEGNEZ2HLIO 029 0+CXeCYoNEGP)
CALL LRLEGNL{2HLO +22:0+EX-EY+NEUP)

DRAW THE AXES

Cath LRCURVIXAXISX:YAXISX 9292+ SYMBOL,NEOP)
CALL LRCURVEXAXEISYYAXISY 92529 SYMBOL.NEOP)

PLOT ION ONLY IF NEAR ENODUGH

XTEST XXA L1
Y TEST YYALL)
IF{ABS{ KTEST).GERVIEW -ORs ABS(YTEST).GE-RVIEW) GO TO 78
CALL LRUURVIXTESToYTEST»163 514+ sNEUP)
GET ®ADIUS FOR DOTS
RADIUS = ZR{TI)
IFIRADIUS-EQ-0.) GG TO 78
CaLt DOISEXTESTLYTEST)

CONTINUE

PLOT THE CLOCK
XCLACK = 0.5*%SIN{TA{I})} + 8.
YCLOGK = 0.5%CUS{TAL{1})} + 8.

CALL LRLEGN[ H¥*ols0¢8s 98- yNEOP}
CALL LRLEGN{ THSGNGSGF 9750, XCLOCK,YLLOCK s NEOP)

PLOT THE DIPOLE
IFIDIPOLE)Y GO TO 20

NO DIPULE—MUE=0O



oOoE GO

PLOT CENTER
CALL LRLCURVA-XTEST-—YTEST 913+ 1HU-NEOP)
CALL DOTSI-XTEST,-YTEST)
GO To 75

NEW LOMPLICATIONS

XTEST, YTEST ARE COURDS OF NEG END
Xe¥ ARE COORDS OF POS END

CONTINUE
XTEST = Xall?2
YTEST = YA(I)

X = —XTEST — 2.0%XXA{l}
Y = —YTEST - 2.0%YYA(])
£BOTH = O

IF{ABSIXTEST ). GELRVIEW OR. ABS({YTEST).GE.RVIEW) GO TO 31
IBOTH = IBOTH # 1 »
NEG END ON :
CALL LRCURVEIXTEST-YTEST 1l e3 slH—-sNEUP)
IF(ABSIX).GERVIEHW 0OR. ABS{Y}.GE.RVIEW) GU TO 32
iBOTH = iB0UTH ¢« 1
POS END ON
CaLL LRCURVIXsYsle391H#+.NEOP)
CALL LRLABL{THSGNWSGF e 790X Yo NEUPS
IF{IBOTH.LE- 1} GO TD 75
IH{RADIUS.EQ.0.) GU T0 75
RADIUS = RAODMAX — RADIUS
IFIXTESTLT.X) GO T 76

DuUMX{13 = X
DUMX({2) = XTEST
DUMY{L} = Y
DUMY{2) = YTEST
GD TO 77
DUMX{13 = XTEST
DUMXE2y = X
DUMY {1} = YTEST
DUMY{2} = Y
CONTINUE

CALL DOTS{-XXA{1).-YYALL}}

CALL LRCURVIDUMX,DUMY 42,2, S5YM3OLNEDOP)
CONTINUE

CALL LRCURV{G:s0+0-0915351H HEO0P)
CONTINUE

CALL BLANK

CALL LKREOFF

CALL LRMOFF

CALL LRCHSZE 13

RETURN

END



$IBFTC HEADM.

0

SLBROUTINE HEADM
HEADER FUOR MOVIES

INTEGER CLRPL,PLOT

REAL CASE{2) ,TYPE(8}

DUUBLE PRECISION REsVVeSXI o:ReToKTS0
COMMONZOUC/ REsVYVeSXIeRsToKTID1I0D2:0{12) sLLRP-RUNI3},
* PLOTISY.CUTPLT

DATA TYPE/4B8HLAPTURE REPULSIUN OuUT OF TIME YOO SMALL
LALL LRCHSZ{4)

CALL LRONVT{ID1:1-CASE(L) ol 5620)

CALL LRUNVT(IDZ2sLeCASE(2) 1 4+650)

INUEX = 2¥{CLRP—-1) + |

DO 10 I=1.20

CALL LRLEGN{3HRUNs35001.0¢920:0.0)

CALL LRLEGNIRUNS182022:59¢9-0:0.0)

CALL LKLEGN{4HCASE +45041:0570+0.0)

CALL LRLEGN(CASEs12:032:957:090.0)

CALL LRLEGNI{TYPEIINDEX)912:0,1U035.0+1.0)
CONT INUE

KR ETURN

END

$IBFTC DOTS.

46

20

25
30

SUBROUTINE DOTS{XCENTR,YCENTR)

LUBGICAL ON

REAL PTSI5).PT{4}

COMMON/CIRCLE/ RsRM,ON

DATA PT/1.0,.92388+.707115.38268/» PTS(5}/0.0/

X XCENTR

Y YOENTR

IF{ NOTUN) 6O TO 20
TEST CORNERS

C = X+¥R

IFIC.tE=-RM} GO TO 50
C = X-R

IFIC-LE.~RM} GO TO 50
C = Y&R

TFIC.GESRM) GO T3 50
L = Y-k

IF{C.LE-—RM) GO TO 50
CORNERS ON THE PLOT
CONT INUE
THIS IS FOR VARIABLE RADIUS
DO 25 I=1l.4
PISLLY) = PT{1)*R
DO 40 I=1:5
J = 6-1
CALL LRCURVI4PTSUUI+Xa#PTS{I)+ Y13 ,1H*;NEOQP)
CALL LRCURVI4PTS{J)#Xe—PTS{I}¢ Y153, 1H%*sNEOP)
CALL LRCURVI-PTSIUI+Xe—PTS(I)#Yele3.1H*,NEGP)



CALL LRCURVI{=PTSIUI+ X +PTSII)+YsLe3o1H¥,NEGP)
40 CONTINUE
50 RETURN

END

SIBFTC BLANK.

SUBROUTINE BLANK

REAL

DATA X1 /-16Cela0/9 X2 /1s051.0/% X3 /-1a0s—1.0/9¢ Y1/-aT56,-,766/7

X1L2) K220 %3420 oYL 2):¥2(23 Y3482} 2Y412)

DATA Y2 /=s7660:T6bS s Y3 [/.7666.76643 Y4 /aT664s~.T66/

c MAKE BLANK FILM
DO 10 I=1.80

CALL

LRBRCURV{GCe090:0906101HX91.0)

10 CONTINUE
R ETURN

FNTRY TEST
C MAKE TEST PATTERN

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
9

LRGRID{ 12150500}

LRBRANGE(=120+s1005s~1.051-03
LRCURVIX1sY19292eSYMs 002
LRCURVIXlo¢Y¥39202:SYM20,0)
LRCURVI X1 eY¥2022 eSYMs0.0)
LRCURV{X1:Y4522225YM20.0)
LRCURVIX3+Y202:2sSYM-0.0)
LRCURVIX2eY2e2222S5YMe1.0)

RETURN

£ND

$IBFTC PLTOUM

C
C DUMMY ENTRIES WITH PURPUSES AND ARGS EXPLAINED
C MORE INFO IN NASA TM X-186611969}
c
c
R MAIN ROUTINE, DRAWS A CURVE ¥
SUBRJUTINE LRTURVIXsY NPTS,NTYPE ,SYMBOL,EOP}
c X=- ARRAY OF ABCISSA VALUES
C ARRAY OF URDINATE VALUES
c NPT S5~ NUMBER OF THESE VALUES
C NTYPE-- TYPE OF PLOT...1=POINTS2=LINES,
¢ 3=3YMBOLS,4=SPECIAL SYMBOLS
C SYMBOL—- THE PLOTTING SYMBOL
C EQPp— END OF PLOT SWITCH...0.0=NOT ENDs1.0=END, ADY ANCE
C
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C
R R PRINTO LUl LEGENDS
ENTRY RLEGN{LUCHARS Ny NUKRIEN s XY EUP)

C CHARS-— ARRAY ur CHARACTERS{BCD) TU BE PRINTED(6 PER WORD)
o N—= NumdEx JF CHAKAULTERS: sebEoGs 12=CHARS DIM. BY 2
¢ NOR [ev—=  JRIENTATIUNG - OSHURIZONTAL L =VERTICAL PRINTING
C ) S X CJIURU OF FIRST CHARACTER, IN ApS. UNITS 0.-—10.
C Y-- Y CUUKY ufF FIRST CHARACLTER, IN A8S. UNITS 0.--10.
" EJpPp— AS Apuv:c
G
C
LAk DEFINES USER®ZS UNITYS FUR PLSTTING
ENTRY LRKANGE(OXMINXMA X YMIN g YMAX)

MlN-—- MIN X VALUE,; USER?S UNIT>S

AMA A—- MAX X VALuUEs UDER®'S UNITS

YM IN—— MIN Y VALUE, USER'S UNITS

YMAX—-- MAX Y VaiLubs USER®'S UNITS

OO

LR AR AR LIKE LRLEGNy BUT WORKS IN USER?S UNITS
ENTRY LRLABL{CHARS ) NeNUKIEN, XY, EUP)

¢ ARGS SAME AS FUR wKikbLNy EXCEPT X ANU Y NUW IN JSER?S UNITS
C
C
€ &%k sk Jek INLS MARGINS FUR Tals> PLUT
ENTRY LKMRONIXLLEF T X 1OHT o YBOTM, YTUP)

XLerT-- LERT MARLEIN IN A3S5. PLOTTING UNITS

X JoRl—--  xIGHT  MAROIN [N ApS. PLOTTING UNITS

YB3 TM-~ SUTTUM MARGIN IN Abde PLOTTING UNITS

YIup—- Tup MARGIN IN ABd. PLOTTInG JUNITS

cCoOoOCOCo o,

A AR PDEFINES LRIV FUR THIS PLUT
ENTRY LRGRID{IXIY0X,0Y)

c [X—~ Lol FUR VERTICAL GRID LINE 0=STANDARD,

C 1=0X GIVeS nNO. OF LINES

C 2=0X GIVES INTERVALS SETWEEN LINES

C 3=0X GIVES nNO. CF TICK MARKS

C 4=0XK LIvVeS INTERVAL BETWEEN TICK MARKS
¢ iY-- Luve FUR HURITIZUNTAL GRID LINES, USED AS IX IS USED
¢ OX-— NUMsER UR INTERVaL, VERTICAL LINES

C DY~-- NUMSER OR INTERVAL, HORIZONTAL LINES

L

C

C %%k 3%k VEFINES PIeCE UF rKAME FUR THIS PLUT

ENTRY LRSIZE(XLEF T XRISAT ,YB3UTM, YTUP)

(& AR s> AS FUR LRMRGN
C
C
CHmkdx CUNVERTS NUMBER TU 8Lu FUR PRINTING
ENTRY LRCHVI{VALUE yNTYPECHAKS, NFORMy NoM)
L VAL UE~~ NUMBER Tu Bt CUNVERTED, TYPE IS NTYPE
C nNTYPE-- eeol=VALUE IS INTEGER(FIXED),;3=VALUE 1> FLOAT ING
¢ CHAR S~ ARKAY TU HOLD CHARACTERS INTG woICH VALUE IS CONV.
C NFJRM-~— FGRMAT CUULbs a0 Ll=1p3=F ;4=E
. == ToTAlL NU. uF CHARACTERS
C M=~ CHARACTERS TU RIGHT OF OECIMAL,=0 FUR NFURM=1
C

S
o



C
Cdda deok Tukiny eXTENDEY ABuE(USES wHULE FRAME) UiN AND UFF
ENTRY LREGN
ENTRY LREUFF
C ok TURNS MUVIE MOUE{RUTATES 90 DEGREES) UN anND OFF
ENTRY iLkM0N
ENTRY LMURF
C
C
LR fdodkok StTS cHaRAC Ter SIZC
ENTRY LRUHSZINSIZE)
C NSTZE-- DEFINES CHARACTER SIZe,e O=LELT PLUITING ROUT. PICK,
C L=TINY,2=5MALL¢3=MED, 4=810
C

ENTRY TIMLFT{TIME)
C xRk READS INTERNAL >YSTEM CLUCKoRETURNS TIML LEFT TOU ENU UF RUN
' TiMe-- TiMe REMAININO IN PULSES. . ONE PULIE=1/00 SECOND

ENTRY ARERR(TEXT)
C ks ke FOR TRAN-CALLED ARITHMeTIC ERKCR ROUTINE IN QUR SYSTEM,
CaEkxEx IREATEU LIKE LiusRARY ARLITH EHRUKSee«CALLED ONLY BY UBARCUS
C TEXT-- MESSAuE Td BE PRINTEJD wrAENEVER CALL IS EXECUTED
TEXT MUST END IN %

KETURN
END

CONCLUDING REMARKS

A FORTRAN IV program has been developed to numerically study ion - polar-

molecule collisions. Results are obtained in the form of time history plots and motion

pictures, as well as collision statistics. This report describes, for potential users, the

structure and use of the program.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, July 29, 1970,
129-02.
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APPENDIX - PROGRAM FOR GENERATING INITIAL CONDITIONS

The main program generates batches of random input conditions in the format ex-
pected by the collisions program (on the Q cards). A MAP listing of the random number

generator RAND/SAND is also included.

Input

Two kinds of NAMELIST are used, one in the main program, the other in SUB-

ROUTINE GENARY. They contain

Block Variable Variable in
main program

/IN1/ NC
PSW
BETA1
BETA2
/GENER/ ATE MIA
MIB
RA
VA
BA

Meaning

number of cases of random coordinates for this
set of values

= 0, do not punch cards
= 1, punch cards

= 1/KT1; where KT is the most probable
energy, first degree of freedom

= 1/KT,; where KT, is the most probable
energy, second degree of freedom

BETA2 = 0 for linear molecules

first moment of inertia, I1
second moment of inertia, I2
initial separation, r;

initial velocity

impact parameter, b

Subroutine GENARY

This subroutine reads the array ATE(42) and scans it looking for the form limitl,

incrementl, limitz, incrementz, .

50

and then generates values of uniform increment;



between limiti and limiti +1° It can be used to vary any or all of the parameters MIA,
MIB, RA, VA, BA, in order to study the effect of these parameters on the trajectories.

Main Program

This program generates, in a series of nested loops, the coordinates and time
derivatives, in sets of NC values for each set of parameter values.

Output

The main program prints the parameter values (in NAMELIST/OUT1/) and the
random coordinates. Optionally, the coordinates are punched onto cards, suitable for
input to the collision program, and the number of cards is printed (in NAMELIST/OUT2/).
The coordinates are stored as follows:

Mathematical name Stored in generator Stored in collision

program in- program in-
R (not used) Q(1)
0 An, 1) Q(2)
@ A, 2) Q(3)
n A, 3) Q)
3 A(n, 4) Q(5)
v A(n,9) Q(11)
R DR Q(6)
6 AA(n, 1) Q7
@ AA(n, 2) Q(8)
n AA(n, 3) Q(9)
: AA(n, 4) Q(10)
v AA(n, 5) Q(12)
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Listings

The following is a complete listing of the main program, subroutine GENARY, and
subroutine RAND/SAND:

$IBFTL RANIT

REAL A(999410) oRAT10) sMIALLO) oMIBLLO) s VA(20) sBA(L1ID),AA(999,101),
1 4li,Mlz
INTEGER P Sw
DATA TwlP 1/6.2831853/7
WRITE( 6, 1001)
1001 FURMAT(LAL)
CALL SANU(STIRE)
NAMEL IST/INL/ NC+PSW;BETAL,BETAZ
5 REAU(S5,INL)
ARITEL Gy INL)
PSW=2~-PSd
DI 1u 1U=14NC
CALL RAND{RPHI)
RIHETA=.5
CALL RAND(RETA)
CALL RANODIRXI)
LALL RANU{RPSI L)
CALL RANU{RPSLZ)
PSTLl=Tw0pr [%RP2S11
PS12=TwlP [%RP S12

¢ THETA
ACLCy 11=aRLLUS(1.~2.¥RTHETA)
C PHI
A{ICy 2)=TwWuPI ¥RPAI
C ETA
ACIC, 3)=TwOPI*RETA
C X1

AUICs 4)=ARCCIS(L.-2.%RXI)
A{1ICs5)=SIN{PSIL)
ALIC, 0)=CUs(PSE 1)/ (2. *%5QAT(RTHETA® (L. —RTHETA) ))
ACTU 7)=0US(PSI2N/ {2 %SURTIRXI*(1.—-RX1) 1))
ALIC,91=0.
[F(BETA2.EW.0.) GO T3 10
CALL RAND{RPSI3)
C PS i

ALICs9) = TWUPLI*RPSI3

10 A{IC, 8)=SIN(PSIZ2)
CALL GENARY(MIA,NML,10,L7HMOMENT UF INERTLA,17)
CALL SENARY{MIB,NM2710,24HSECUND MUMENT OF INERTIA ,24)
CALL SENARY{RA,NR 410, 9HINITIAL R,y9)
CALL OeNARY{VA,NV20,16HINITIAL VELOCITY,16)
CALL GENARY(3AgNB,s LOU, 16AIMPALT PARAMETER,15)
NCARD S=NC #NMI R NRENVEND *NM2
NAMEL IS>T/OUT2/NCARDS
IF{PSAtd e LIWRITE (6,3UT2)
16=0
DU 50 IMl=Ll,\wMl]
MIt=Mia(iMl}
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OU 50 IM2=1yNMZ
MI2=MI3(1M2)
U 20 1L=1eNC
CALL RANI(RPE)
REL=~ALJL{RR: ) /8ETAL
Fe=SwuRT{2.%20 L/MIAaCIN))
F3=0,
AALIC,5)=0.
ETA D37
AALIC ; 2)=F2%A(IC, T)
X1 oort
Al 1C,4) = F2*A(IC,8)
IF(BETAZ.LweUs) o0 T 20
PSI a7
AACTICs5) = SIRT(REL/MIZ) - AA(IC3)%(1.-24%RX1)
20 CUNTINUE
DO 50 IR=14NR
R=RA{ IR)
R2=R#*R
DU 50 Iv=1l,4V
v=VA(Iv)
DU 50 lo=1,NB
p=8al{ IB)
Fl=vAlIV)%BA(IB)/R2
R 00T
UR==5QRYT{ 1.~BA(Io}*3a(1I8)/R2)*VA{lV)
U0 30 10G=1sNI
THE T4 DOT
AACIC, Li=F1*A(IC,.5)
PR wu T
30 481021t 1xa(ICy01

NAMEL I51/UUTL/MILaMI2 yKELsREZsVaBsFLaF24F3

WRITE(6,3UTL)

[6=16+1

WRITE( 6, LOO2M{LACICS sl ) g l=14%) sDRJ{AALICI)oi=1:4), AAUIC,5),A(ICs3
1)s 1G5 1C 5 IC=1,5NC)

LOHOTHETA,; 8Xs 4 HDPAL 38X 3 4HOETAs IX s 340X] 98X 4HDPST 14X 3HPS I/
2LOP&F 1 3 IPBEL2.3,0PFTe394X4215))

GU TO (40450) ¢PSw

40 PUNCH 1003, LLA(IZ 1) 41=1494) sDR,(AALIC,T)sI=ly4)y AA(IC:5)y ALIL,9)
L, IG,IC,I0=4yNC)
1003 FORMAT{OP4F5.3,1P6E10.3/0PF5. 354X,21 3}
PUNCH 1004
1004 FORMAT(LIHL/ }
50 COUNTINUE
Gd 10 »
END
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$IBFTL GENAR.

SUBROUTINE GENARY (AL sNsLABELsNL}
REAL A{N}) ATE{42},LA3EL{L)
DO 5 I=1,42
5 ATE{I}=0.
NAMEL IST /GENER/ ATE
NW=NL/6
IF{MODINL ;6)-NE-0} NuW=NuWrl
WRITE{ 65,1002} (LABEL{TI}:i=1,NHK)
1002 FORMATIIHL ;47X 6A6)
READ{ 5,GENER}
DO 10 M=1,21
IFLATE(2%M} .EQ.0.) GO TO 20
10 CONTINUE
CALL ARERR(4THGENER ATE INPUT CARD HAS MORE THAN &1 ENTRIES $)
20 K=1
A{1)=ATEL 1}
MM 1=M~-1
IFIMM1.EQ .0} GO TO 60
DO 50 I=1:MM1
SGN=SIGN( 1., ATE(2%[#1}-ATE(2%]-1)})
D=SIGN{ATE{2%]1}),S5GN}
WRITE{6,1003) ATE{2%I-1) D, ATE(2%I+1)
1003 FORMAT{45XsGLl36:1H(3G13:.6,1H),G13.6}
H=D*1.E~-4%
C=0.
30 K=K+1
IF{K-GT.N)ICALL ARERR{43HGENARY IS BEING ASKED TO OVERFILL A VECTOR
1%}
C=C+l.
B=ATE{ 2% I-1}+(C%D
IF({B+H IXSON.GTATEL( 2% I+1)*SGNIGOQ TO 40
A{K}=8
G0 TO 30
40 ALKI=ATE{ 2*I+1)
50 CONTINUE
60 L=K
RETURN
END

$I8MAP KANI

=Nty RAND
Ty SAND
SAND CLA 594
sin ) AJLTIPLIER IN RAOIY NJ., GENEFRATOR
CLA UNF SET DAM = T 1 Far FIRSY RANDOM NO,
DA STlix 34
TRA 1ls4
HANL SAVE (4)
[ INES 5}
APY Cuns HY JAM
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FLC
CUNS
ONE

5Tg
CLa
LLS
=AY
STa*
TRA
CcT
JEC
JeC
Iom)
END

G STORE
~LC FLaAT
29 RIZUND
C KAND UM
394

1+4%

C00I03030290
30517578145

1
173000200200

THE

LCW CROER PART AT DAM

NUGRMALIZE 5 AND

THE
NUe

EXPUNENT 00F RANDIOM N3,
5 EXP 15

ONE

NORMALIZING CONSTANT

55



REFERENCES

. Dugan, John V., Jr.: A Semiclassical Theory of Capture Collisions Between Ions
and Polar Molecules. Ph.D. Thesis, Univ. Notre Dame, 1965.

. Dugan, John V., Jr.; and Magee, John L.: Semiclassical Approach to Capture
Collisions Between Ions and Polar Molecules. NASA TN D-3229, 1966.

. Dugan, John V., Jr.; and Magee, John L.: Capture Collisions Between Ions and
Polar Molecules. J. Chem. Phys., vol. 47, no. 9, Nov. 1, 1967, pp. 3103-3113.

. Goldstein, Herbert: Classical Mechanics. Addison-Wesley Publ. Co., Inc., 1950.

. Ralston, Anthony: A First Course in Numerical Analysis. McGraw-Hill Book Co.,
Inc., 1965.

. Milne, William E.: Numerical Solution of Differential Equations. John Wiley & Sons,
Inc., 1953.

. Butcher, J. C.: On Runge-Kutta Processes of High Order. J. Austral. Math. Soc.,
vol. 4, pt. 2, 1964, pp. 179-194.

. Dugan, John V., Jr.; Rice, James H.; and Magee, John L. : Calculation of Capture
Cross Sections for Ion-Polar-Molecule Collisions Involving Methyl Cyanide. NASA
TM X-1586, 1968.

. Dugan, John V., Jr.; Canright, R. Bruce, Jr.; and Palmer, Raymond W. :
Computer-Made Motion Pictures and Time History Plots of Ion-Polar-Molecule
Collisions. NASA TN D-5747, 1970.

. Dugan, John V., Jr.; and Rice, James H.: A Computer Plotting Description of Ion-
Molecule Collisions with Long-Lived Capture Complexes. NASA TN D-5407, 1969.

. Anon.: IBM 7090/7094 IBSYS Operating System Version 13 FORTRAN IV La.nguage,
IBM Form C28-6390-0.

NASA-Langley, 1970 — 6  E~5832



. Report No.

NASA TM X-2151

2. Government Accession No. 3.

Recipient’s Catalog No.

. Title and Subtitle

FORTRAN IV PROGRAM FOR STUDYING ION -
POLAR-MOLECULE COLLISIONS

5. Report Date
January 1971

6. Performing Organization Code

. Author(s)

R. Bruce Canright, Jr., and John V. Dugan, Jr.

8. Performing Organization Report No.

E-5832

10. Work Unit No.

. Performing Organization Name and Address

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio 44135

129-02

11. Contract or Grant No.

13. Type of Report and Period Covered |

12. Sponsoring Agency Name and Address Technical Memorandum
National Aeronautics and Space Administration 14. Sponsoring Agency Code
Washington, D.C. 20546

15. Supplementary Notes

16. Abstract
Ion - polar-molecule collisions have been studied by numerically integrating their approximate
equations of motion on a digital computer. In this report we present a FORTRAN IV program
to do this integration (using conservation of energy as a step-size control) and to give results
in the form of collision statistics, microfilm plots, and motion pictures of trajectories. Included
are the description of the ion-molecule system, the form of the input and output, the functions
of the main program and subroutines, the COMMON structure, a sample case, and the complete
FORTRAN 1V listings.

17. Key Words (Suggested by Author(s) )' 18, Distribution Statement

Jon-molecule collisions
Equations of motion
Differential equations
Computer graphics

Unclassified - unlimited

19.. Security Classif. (of this report)

Unclassified

20. Security Classif. (of this page)
Unclassified

22. Price™
$3.00

21. No. of Pages
57

*For sale by the National Technical Information Service, Springfield, Virginia 221561




B
L




